United States Steel Corporation Tishie Woodwell

Penn Liberty Plaza 1 Acting General Manager
1350 Penn Ave — Suite 200 Environmental Affairs
Pittsburgh, PA 15222-4211

412 433 5916

Email: twoodwell@uss.com
VIA HAND DELIVERY
March 3, 2015

Mr. Peter Ramanauskas

U. 8. Environmental Protection Agency - Region 5
77 West Jackson Blvd. (LU-9J)

Chicago, IL 60604

Re: Self-implementing Cleanup and Disposal of PCB Remediation Waste
Former Birmingham Steel Joliet Works 50-acre Facility
Joliet, Will County, lllinois
ILD005454566

Dear Mr. Ramanauskas:

This letter is being sent to request Approval under Title 40: Protection of Environment,
Code of Federal Regulation (CFR) Section 761.61(a), for self-implementing cleanup and
disposal of polychlorinated biphenyls (PCB) remediation waste from the Former
Birmingham Steel Joliet Works Facility in Joliet, lllinois (Facility). Enclosed is one hard
copy of Revised Self-Implementing Remediation Work Plan for PCB Impacted Areas
(Revised PCB Work Plan). The PCB Work Plan submitted on January 30, 2015 has been
revised to incorporate preliminary comments provided by the United States Environmental
Protection Agency (USEPA) and subsequent communications between Jennifer Dodd of
USEPA and Kevin Stetter of the United States Steel Corporation (USS). USS is in the
process of securing a contractor that will be performing the remediation work. Once the
contractor is identified, their representative will sign the certification form and submit to
USS. USS will then append the work plan with the additional certification.

The former Birmingham Steel Corporation’s Joliet Works Facility consists of approximately
57 acres and has been divided into two parcels for investigation under lllinois
Environmental Protection Agency's (IEPA’s) Site Remediation Program (SRP) — a 50-acre
parcel (“Site”, located to the east of the Canadian National Railway tracks) where
historical steel-making facilities were located) and an adjacent 7-acre parcel (located to
the west of the Canadian National Railway tracks) where the waste water treatment plant
is located.

On June 17, 2005, USS, the current Site owner, entered the entire 57-acre Site into the
SRP. The official SRP Site name is Birmingham Steel Corporation. It is currently active

as LPC#: 1970450024 and United States Environmental Protection Agency (USEPA) ID
is ILDO05454566. The SRP Remedial Applicant is USS and the current point of contact

United States Steel Corporation



is Mr. Mark Rupnow at 1350 Penn Ave., Suite 200, Pittsburgh, PA, 15222. USS intends
to obtain a Comprehensive No Further Remediation (NFR) letter for the Site through

the SRP. The IEPA Remedial Project Manager is Mr. Tim Murphy.

USS desires to ensure that remediation activities at the PCB-impacted areas are
performed in a timely manner, consistent with the schedule and technical requirements
developed in the Remedial Action Plan, approved by IEPA on November 26, 2014, as well
as in accordance with applicable Toxic Substance Control Act (TSCA) requirements.

USS is looking forward to working with you and with members of your TSCA group as a
team to complete the remedial measures at the PCB-impacted areas, using this Approval.
If you have further questions or comments, please contact Mr. Kevin Stetter at (219) 888-

3449.

Sincerely,
s Lisctoe 7
Tishie Woodwell
Enclosures
(e M. R. Rupnow (w/ encl.)
K. T. Stetter (w/ encl.)
A. G. Thiros (w/ encl.)
D. J. Zywan (w/ encl.)
J. L. Rey (w/ encl.)

P. F. Hurst (AECOM) (w/ encl.)



Certification

In accordance with 40 CFR, 761.61(a)(1)(3)(E), | certify that, as a responsible corporate
officer of U. S. Steel (USS), all sampling plans, sample collection procedures, sample
preparation procedures, extraction procedures, and instrumental/chemical analysis
procedures used to assess or characterize the PCB impacts at the Site (located at 927
Collins Street in Joliet, lllinois) are on file at the Environmental Department of U. S. Steel
Gary Works in Gary , IN, and are available for EPA inspection.

Signature; iw V//pré’uié/

Name: Tishie Woodwell

Title: Acting General Manager, Environmental Affairs

Date: March 3, 2015
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Former Binmingham Steel Corporation Joliet Works 50-acre Facility March 2015
Self-implementing Remediation Work Plan for PCB Impacted Areas Section 1.0

1.0 INTRODUCTION

This work plan is prepared to implement part of the approved Remedial Action Plan (RAP,
URS, 2014c¢) focusing on remediation of the polychicrinated biphenyis (PCBs) at the Central
Parcel {(i.e., Remediation Areas 8, 9 and 10) within the 50-acre parcel (Site). Remediation of
total petroleum hydrocarbon (TPH) impacts at Areas 1 through 7 of the RAP will be addressed
with the lllinois Environmental Protection Agency (IEPA) separately at the Former Birmingham
Steel Corporation Joliet Works Facility at 927 Collins Street in Joliet, lllinois (Facility). Site
locations and layout are shown in Figure 1 and Figure 2, respectively.

To facilitate the decision-making process regarding the investigation and remediation
activities, the Site has been divided into four subareas based on the historical land use, nature
and extent of impacts, and potential for exposure (i.e., the Central Parcel, East Parcel,
Northwest Parcel, and South Parcel). The laboratory analytical results of samples collected
during previous investigations indicated the presence of PCBs in soil at a few areas within the
Central and South Parceis of the Site.

United States Steel Corporation (USS) has prepared this work plan to conduct excavation of
impacted soil and post-excavation verification sampling for PCBs for the Central Parcel. The
South Parcel will be addressed in a separate work plan following further characterization. USS
hereby submits this work plan to USEPA for review and approval.

1.1 COverview

" The Facility consists of approximately 57 acres and has been divided into two parcels for
investigation under IEPA’s Site Remediation Program (SRP, [IPCB, 2004]). the Site (i.e., a 50-
acre parcel located to the east of the Canadian National Railway tracks) where historical steel-
making facilities were located) and an adjacent 7-acre parcel {located to the west of the
Canadian National Railway tracks) where the waste water treatment plant is located.
Industrial activities at the Site ceased in 2000. The Site currently consists of buildings, areas
paved with asphalt, concrete or gravel, and open areas interspersed with sparse vegetation.
Except for the smalt Guard Trailer at the 927 Collins Street front entrance that is used by a
contract security company and a part-time employee who performs administrative duties, all
other buildings are vacant and not used for any purposes.

USS, the current Facility owner, entered the entire 57-acre into the IEPA’s SRF on June 17,
2005. The official SRP name is Birmingham Steel Corporation. It is currently active as LPC#:
1970450024 and United States Environmental Protection Agency (USEPA) ID is
ILD005454566. The SRP Remedial Applicant is USS and the current point of contact is Mr.
Mark Rupnow at 1350 Penn Ave., Suite 200, Pittsburgh, PA, 15222. USS intends to obtain a
Comprehensive No Further Remediation (NFR) letter for the Facility through the SRP. The
IEPA Remedial Project Manager is Mr. Tim Murphy.
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Former Birmingham Steel Corporation Joliet Works 50-acre Facility March 2015
Self-implementing Remediation Work Plan for PCB Impacted Areas Section 1.0

USS is in the process of preparing the Site for future redevelopment. For planning purposes, it
was assumed that the Site would be re-developed for industrial/commercial use. USS will post
a deed restriction on the property as an mstltutlonal controf measure, per lllinois Administrative
Code (IAC) 742.1000, to ensure that the future use of the Site will be limited to industrial

and/or commercial use.

USS plans to address PCB-impacted areas at the Site using the Self-implementing Cleanup
and Disposal of PCB Remediation Waste option, as provided in 40 Code of Federal
Regulation (CFR) 761.61(a).

1.2  Objective

The objective of the remediation is to remove the PCB impacted soils from the Site by
excavation and conduct post-excavation verification sampling activities for PCBs to verify
attainment of the following remediation objectives (ROs):

* Central Parcel

o Remediation Area 8: An RO of less than or equal to 1 miiligram (mg) PCBs per
1 kilogram (kg) soil (<1 mg/kg, or 1 part per million [ppm}) for PCB-impacted
areas at the Central Parcel by the front gate to the Site, based on the cleanup
level for high occupancy areas per 40 CFR 761(a)(4)(i}{A)..

o Remediation Area 9: An RO of less than or equal to 1 mg PCBs per 1 kg soil
(<1 mg/kg, or <1 ppm) for the remaining PCB-impacted areas at the Central
Parcel, based on the cleanup level for high occupancy areas.

o Remediation Area 10: Total PCB concentration was reported at 1.4 mg/kg in a
sludge sample (X131) collected by IEPA in 2004 (Section 2.3.3.2). This
location will be inspected and sludge material will be removed, if present. See
Section 2.6 and Section 2.8 for planned procedures for this area.

1.3 Report Organization

The remainder of this report consists of five sections.

+ Section 2 presents the remedial approach that will be implemented at the Site in
accordance with applicable regulations as specified in 40 CFR 761.61(a) and field
procedures presented in the approved RAP.

e Section 3 presents health and safety considerations for the project.

« Section 4 describes documentations that will be generated during the implementation
of field activities and at the completion of the project.

e Section 5 presents schedule of implementation.

AECOM Page 2 of 30
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¢ Section 6 presents references used to develop this work pian.
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Former Birmingham Steel Corporation Joliet Works 50-acre Facility March 2015
Self-Implementing Remediation Work Plan for PCB Impacted Areas Section 2.0

2.0 REMEDIAL APPROACH

For the purpose of this work plan, an impacted location is defined as a location with PCB
concentrations greater than 1 mg/kg in soil. Information presented in this section is organized in
accordance with requirements as specified in 40 CFR 761.61(a).

21  Applicability

The selected self-implementing cleanup option is applicable for addressing PCB-impacted
areas at the Site based on rules described in 40 CFR 761.61(a)(1).

e According to 40 CFR 761.61(a){1)(i), the self-implementing cleanup and disposal of
PCB remediation waste approach cannot be used io clean up the following areas:

o Surface water or groundwater.

o Sediments in marine and freshwater ecosystems.

o Sewers or sewage treatment systems.

o Any private or public drinking water sources or distribution systems.
o Grazing lands.

o Vegetable gardens.

As indicated in Section 1, this work plan focuses on the remediation of PCBs in soil at
a former industrial facility and not for locations listed in 40 CFR 761.61(a)(1)(i).

« According to 40 CFR 761.61(a){(1)ii), the self-implementing cleanup and disposal of
PCB remediation waste approach will not be binding upon cleanups conducted under
other regulatory authorities (e.g., the Comprehensive Environmental Response,
Compensation, and Liability Act [CERCLA], or the Resource Conservation and
Recovery Act [RCRA]).

As indicated in Section 1, the Site is unregulated and investigative and remedial
activities are being conducted on a voluntary basis under |[EPA’s SRP.

2.2 Site Characterization

According to 40 CFR 761.61(a)(2), any person conducting self-implementing cleanup of PCB
remediation waste must characterize the site adequately to be able to provide information
required by 40 CFR 761.61(a)(3).

The requirement as specified in 40 CFR 761.61(a)(2) is met because the nature and extent of
impacts at the Site have been delineated based on results of the following evaluations and
investigations. Detailed information regarding results of previous investigations is presented in
Appendix B of the Remediation Objectives Report (ROR), dated July 2013.
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Former Birmingham Steel Corporation Joliet Works 50-acre Facility March 2015
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1989/Screening Site Inspection by USEPA’s contractor Ecology & Environment,
Inc. (E&E). The inspection included an interview with a Site representative, a

~ recannaissance inspection of the Site, and the collection of eight soil samples from the

Site and surrounding areas. Shallow soil samples were collected from approximately
zero to one-half foot below ground surface. The E&E Screening Site Inspection report
was submitted to USEPA on Qctober 2, 1990 (E&E, 1990).

1995/CERCLA Site Inspection Prioritization Report by IEPA (IEPA, 1995). The
IEPA conducted sampling on May 23 and May 24, 1995 as part of a CERCLA focused
site inspection prioritization (FSIP) of the Site. The FSIP consisted of soil sampling at
the Site and soil and sediment sampling from areas surrounding the Site.

1996/Site Evaluation by the Illlinois Department of Public Health (IDPH). IDHP’s
findings are reported in the Health Assessment State Initial Site Evaluation (dated
September 11, 1996). The Site evaluation included a review of previous investigations
and Site reconnaissance.

2002/Phase | Environmental Site Assessment (ESA) by Hart Crowser for USS. A
Phase | ESA was conducted in general accordance with American Society for Testing
and Materials (ASTM) guidelines E1527-00. Results of the Phase | ESA are reported
in the November 21, 2002, Phase { Environmental Site Assessment Birmingham Steel
Milt, 927 Collins Streef Joliet, llinois.

2003 and 2004/Preliminary Site Investigations by Waste Technology, Inc. (WTI)
for USS. WTI conducted a preliminary site investigation in 2003 for USS that included
excavation of sixteen soil test pits, installation of four monitoring welis, soil and
groundwater sampling, and analytical testing. The results of the preliminary
investigation are presented in a November 2003 report titled Phase | Environmental
Investigation. WT! conducted a second site investigation in 2004 that included
additional soil test pits, soil sampling, and analytical testing. The findings of the second
investigation performed by WTI| are presented in a May 2004 report titted Phase !/
Environmental Investigation.

2004/Expanded Site investigation (ESI} by IEPA. The results are presented in the
September 23, 2004 report titted CERCLA Expanded Sife Inspection.  This
investigation included scil, free-phase hydrocarbon, and groundwater sampling and
analyses and was completed primarily for CERCLA Hazardous Ranking System (HRS)
purposes and nof for Site characterization purposes.

2006 to 2008/Comprehensive Site Investigation (CSl) by Civil & Environmental
Consultants, inc. (CEC) for USS. The CSI was performed in two phases to verify and
supplement previous work completed by the |IEPA and WTI. The Phase | of the CSI

AECOM
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commenced in November 2008, while the Phase Il portions of the CS} were performed
in November 2007. Additional sampling {o supplement the initial investigation and
provide quarterly groundwater data was completed in February 2008 and May 2008.
CSI activities included the collection of scil and groundwater samples for chemical
analyses.

o Collection of surface soil samples from 58 surface grid locations and
subsurface soil samples from 82 soil borings. Soil borings were advanced to
the bedrock surface at all locations through overburden fill consisting of silty
sands, gravels, slag, and mili scale.

o Collection of groundwater samples from eight shallow and four deep monitoring
wells. Data obtained from the wells was used to prepare potentiometric maps,
which show groundwater flowing in west to southwesterly direction.

Results of the CSI are presented in the Comprehensive Site Investigation Report
(CSIR, 2008) and the ROR (URS, 2008).

December 2008 and March 2009/Groundwater Sampling by URS Corporation
(URS) for USS. Groundwater samples were collected from all monitoring wells at the
Facility for laboratory analyses. Results of analytical data from wells at the 50-acre
parcel are presented in the Revised Final ROR, dated March 2014 (URS, 2014a).

February 2012/Groundwater Gauging by URS for USS. Field activities were
conducted to measure water levels and observe for the presence/absence of free
phase materials at all wells at the Facility. Information compiled from these activities is
presented in the Revised Final ROR (URS, 2014a).

2013/Supplemental Site Investigation (SSI) by URS for USS. The SSI was
performed to achieve the following objectives as agreed upon during the November
13, 2012 meeting between IEPA and USS.
o Further characterizing the vertical and horizontal extent of soil impacted
areas, including PCBs, TPH, and polycyclic aromatic hydrocarbons, identified
in previous investigations.

o Evaluating if groundwater downgradient of the TPH area is impacted.

o Evaluating groundwater data collected by IEPA to determine if additional
sampling is warranted.

o Evaluating the current groundwater conditions.

AECOM
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« 2014/ ROR for Three Subareas at the 50-Acre Parcel.

o The Revised Final ROR (first submitted in October 2008, and subsequently

revised in April 2012, July 2012, July 2013, and March 2014) was approved on
Wiy 36,614 T e T T T T

The Addendum to the Revised Remediation Objectives Report (URS, 2014b)
was submitied to the IEPA on August 20, 2014 to provide information requested
in IEPA’s conditional approval letter, dated May 30, 2014. The Addendum to the
Revised Remediation Objectives Report was approved on October 22, 2014,

o The Revised Final ROR (dated March 2014) and the Addendum fo the Revised
Remediation Objectives Report (dated August 2014) provide documentation to
support the ROs selected for the Site.

» 2014/Remedial Action Plan for Three Subareas at the 50-Acre Parcel.
o An RAP (URS, 2014c), submitted to IEPA on October 13, 2014 was approved
on November 26, 2014. The RAP describes the cleanup activities to be
implemented at the Site to meet the ROs.

2.3 Remedial Approach

This section presents the remedial approach that will be implemented to address PCB
impacted soil at the Site to meet requirements specified in 40 CFR 761.61(a)(3).

s Section 2.3.1 presents the nature of PCB detected in soil at the Site.

e Section 2.3.2 presents the procedures used to sample PCBs in previous
investigations.

e Section 2.3.3 presents the location and extent of PCB impacts identified at the Site.

» Section 2.3.4 presents a plan for addressing PCB impacts in soil.

2.3.1 Nature of PCB Impact

PCBs detected in soil samples are likely to be related to transformers which contained PCBs
that were used at the Site. It is reported in the Phase | ESA report (Hart Crowser, 2002} that a
number of transformers were observed during the site visit conducted in 2002 and, according
to interviews with onsite personnel, transformers have been tested for PCBs and the fluid in
PCB-containing units had been replaced or the entire units were replaced by September 1997.
The existing transformers contain less than 50 ppm PCBs. The fransformers observed had

non-PCB labels.
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2.3.2 PCB Investigation Procedures

This section presents a summary of the procedures used in previous investigations for the
sampling and analyses of PCBs. Appendix A presents a summary of PCB analytical data from
previous investigations.

e« 2003/Preliminary Site Investigations by WTI. Soil and hydraulic oil samples were
collected by WTI at potential PCB impact locations identified in the Phase | ESA Report
(Hart Crowser, 2002). Results of this sampling indicated detection of PCBs at
concentrations greater than 1 mg/kg in the following samples:

o S8-4, a soil sample obtained from oil-impacted soil located beneath drain valves
of transformers located immediately south of the former Rod Mills No.1 and No.
2.

= Aroclor 1254: 1.4 mg/kg.
¢ Aroclor 1260; 3 mg/kg.

o $8-5, a soil sample collecied from the same oil-impacted soil area as described
for SS4.

= Aroclor 1254: 0.98 mg/kg.
= Aroclor 1260: 2.2 mg/kg.

o RM-1-3, an oily water sample collected in a sub-basement located near the
middle/south side of Rod Mill No. 3.

= Aroclor 1248: 7.4 mg/kg
= Arocler 1254: 18 mg/kg
«  Aroclor 1260: 6 mg/kg

e 2004/ESI by IEPA. Soil and groundwater water samples collected by IEPA were
analyzed for PCBs. Only one sample (X131, a sludge sample) was reported with total
PCB concentrations above 1 mg/kg (1.4 mg/kg).

¢ 2006 to 2008/ CSIs by CEC for USS. Multiple soil and groundwater samples were
analyzed for PCBs.

e 2013/SSI by URS for USS. Soil samples were collected fo characterize PCBs
detected at SG107 in the CSl. Groundwater samples were also collected for PCB
analyses.
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2.3.3 Locations with PCB Impacts

This section provides information with respect to locations with total PCB concentrations above 1
mg/kg as shown-in Figure 3.-Appendix A presents a.summary. of PCB. analytical data from
previous investigations.

2331  Soil Sample Location

Central Parcel/Remediation Area 8

As shown in Figure 3, there are six locations near the front entrance (i.e., SG008, SG106,
S$G107, SB207, SG109, and SG110) at the Central Parcel with total PCB concentrations
greater than the TACO Tier 1 RO of 1 mg/kg.

e SG006 (0.083-0.167 feet bgs) Total PCB concentration: 4.05 mg/kg
o Aroclor 1248: 2.2 mg/kg
o Aroclor 1254;: 1.5 mg/kg
o Aroclor 1260: 0.35 mg/kg
e SG106 (2 feet bgs) Total PCB concentration: 4.05 mg/kg
o Aroclor 1248: 3.4 mg/kg
o Aroclor 1260: 0.65 mg/kg
«  SG106 (2-3 feet bgs)/ Total PCB concentration: 3.17 mg/kg
o Aroclor 1248: 2.6 mg/kg
o Aroclor 1260: 0.57 mg/kg
e SG107 (0-0.5 feet bgs)/Total PCB concentration: 41.4 mg/kg
o Aroclor 1248; 38 mg/kg
o Aroclor 1260: 3.4J mglkg (“J*-qualifier indicates reported value is estimated)

» SB207 (Advanced by URS during the SSI in 2013 to verify PCB concentrations
reported in a surface sample at SG107, collected by CEC in 2008 as part of the CSlI).

o SB 207 (0-0.5 feet bgs)/Total PCB concentration: 585 mg/kg
= Aroclor 1248: 450 mg/kg
= Aroclor 1254: 100 mo/kg
= Aroclor 1260: 35J mg/kg

o SB207 (1.5-2.5 feet bgs)/Total PCB concentration: 2.4 mg/kg
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¥ Aroclor 1248: 1.9 mg/kg
= Aroclor 1254: 0.4 mg/kg
= Aroclor 1260: 0.17J mg/kg
e SG109 (0-0.5 feet bgs)/Total PCB concentration: 2.46 mg/kg
o Aroclor 1248: 2 mg/kg
o Aroclor 1260: 0.46 mg/kg
»  5G110 (0-0.5 feet bgs)/Total PCB conceniration: 3.8 mg/kg
o Aroclor 1248: 3.4 mg/kg
o Aroclor 1260: 0.39 mg/kg

Central Parcel/Remediation Area 9
¢ SG004 (0.167-0.25 feet bgs)/Total PCB concentration of 2.81 mg/kg

o Aroclor 1254; 0.51 mg/kg and
o Aroclor 1260; 2.3 mg/kg

o S5G102 (0-0.5 feet bgs) (Advanced by CEC in 2007, approximately 10 feet from SG004,
to confirm the PCB data reported in the sample collected at SG004 in 2008)/Total PCB
concentration of 1.7 mg/kg

o Aroclor 1260: 1.7 mg/kg

During the 85l in 2013, a soil boring SB205 was advanced in the vicinity of SG004 and SG102
to delineate the extent of PCBs at these locations. Aroclor 1260 was detected at 0.07J mg/kg
in the surface soil sample (0-0.5 feet bgs) coliected at SB205 and PCBs were not detected in
the subsurface soil sample (1.5-2.5 feet bgs) collected at this location. Therefore, the
horizontal extent of PCBs previously reported at SG004 and SG102 is expected to be limited
and the veriical extent has been delineated based on data collected at SB205.

2.3.3.2 Sludge Sample Location

Aroclor 1254 was detected at 1.4 mg/kg in Sample X131, coliected by the IEPA in 2004, as
part of the ESI, from sludge on the floor in the basement of the #3 Rod Mill building in the
Central Parcel. When implementing remedial activities, this location (Remediation Area 10}
will be inspected and housekeeping activities will be conducted. Debris on the floor will be
removed and solids in the adjacent sump will be emptied. All of the debris and solids removed
from this location will be placed in drums as described in Section 2.6. Samples of removed
material will be collected for laboratory analyses and wipe sampling may be collected pending
results of laboratory analyses. Information regarding the management, testing, and off-site
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disposal of removed material is presented in Section 2.6 and information regarding actions to
be considered is presented in Section 2.8.

- 2.3.4 -Remediation Action Implementation---
This section presents remedial procedures designed based on the overall strategy of:

e« Remediating the horizontal and vertical extent of PCB impacts by excavating soil
impacted by PCB to meet the following ROs.

o 1 mg'kg for impacted iocations at Remediation Area 8.
o 1 mglkg for impacted locations at Remediation Area 9.

¢ Performing housekeeping activities at the previous sample location X131 (Remediation
Area 10). Debris on the floor and solids form the adjacent sump will be placed in drums
and samples will be collected and analyzed for PCBs, as described in Section 2.6.
Section 2.8 presents procedures te be considered if detected concentrations of PCBs in
sludge samples exceed 10 mg/kg.

This section describes th-én-é"c.ﬁfivifiés and controis to excavate and backfill Remediation Areas 8
and 9. Remedial action implementation is divided into four discrete tasks: site preparation, site
control, excavation/backfilling and material handling, and site restoration. These tasks are

described in detail below.
2.3.4.1  Site Preparation

Site preparation is necessary at the Site for implementation of the selected remedial
technology. Site preparation work will include, but is not limited to, the following:

« Mobilization of consfruction equipment and facilities.

« Installation of temporary construction facilities and controls.
+ |Installation of stormwater and erosion control measures.

» Construction of decontamination pads.

» Clearing underground utilities in and around the project area through a pre-work on-
site joint utility meeting and a private locating service.
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2.3.4.2 Site Control

Site control is an important element of the remedial action because of the proximity of the work
to nearby residences and businesses. As such, site security and access, and control
procedures for dust, odor, and stormwater will be enforced.

Security and Access

Temporary fencing may be installed, near the front entrance at Remediation Area 8, to
supplement existing perimeter fencing in order to control access to the Site during remedial
action implementation. The temporary fence will be large enough to ensure safe working
conditions and be covered with fabric to reduce noise and dust or vapor emissions off-site.
Also, warning signs will be posted on the fence during remedial action.

The gate at the 927 Collins Street front enfrance will be designated for personnel and
equipment access. This gate is always locked and access control is enforced by personnel
with a confract security company that provides around the clock security.  Only authorized
personnel will be allowed to enter the Site. They will be allowed to remain on-site only as long
as necessary to perform their duties. All authorized site workers and visitors will be required to
sign in upon entry and sign out upon departure.

Control of Dust, Odor, and Stormwater

During site activities, control measures typically used at construction sites (e.g., sprinkling the
ground surface with water) may be implemented to suppress dust. If necessary, the
excavation will be covered with plastic sheeting during non-working hours to control odors.
Dust control measures will also help to minimize and control odor during the remedial action
activities. Barricades, such as orange traffic cones will be located outside of the excavation to
warn personnel that a below grade opening is near.

A real-time air monitoring program will be implemented as part of the site health and safety
plan (HASP) to monitor concentrations of PCBs in air samples. Results of this air monitoring
program will be used to determine the necessity of engineering controls or personal protective
equipment (PPE) for dust and odor for the protection of field workers.

In order to control stormwater run-off and erosion from work areas, various erosion and
stormwater control measures may be installed at the perimeter of the work areas, if warranted.
Water contained within active work zones and excavations will be pumped to appropriate
tanks for handling and disposal as investigation-derived waste (IDW). Remediation contractor
will be required to employ techniques within the work zones to enhance erosion control,
sedimentation, and control stormwater flow. On-site stormwater drains will be managed to
avoid runoff from remedial activities.
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2.3.4.3  Excavating, Backfiliing, and Material Handling

Landfill Acceptance

" "Material ‘excavated during implementation of the remedial action will be disposed at pre-
approved landfills. xcavated soils could potentially be transported to alternate, approved
landfills based on the space availability and characterization of the wastes.

e Excavated material with total PCB concentrations greater than 50 mg/kg will be
disposed of at a TSCA-approved landfill.

» Excavated material with total PCB concentrations less than 50 mg/kg will be disposed
of at a permitted, licensed, or registered non-TSCA landfill, pending results of waste

characterization described in Section 2.6.

Dewatering

Table 1 presents a summary of information regarding depth of previous PCB sampling,
distance to groundwater, and estimated extent of excavation at each PCB-impacted location.
Dewatering of the excavation may be necessary at locations where impacted material is
encountered at or close to the groundwater table. Remedial contractors will propose, based on
field conditions, if dewatering measures will be used to lower the water table to an appropriate
depth for excavation of source material to occur and for placement of clean fill.

Water that accumulates in excavations {from groundwater seepage or stormwater after rain
events) will be removed by creating a low area (sump) within the excavation and using a pump
to discharge water from low area to tanks.

The dewatering system will be installed in such a way as to minimize obstructions for
excavation activities. The removed water will be treated as IDW and be handled and disposed
of appropriately.

Slope, Benching, and/or Shoring
Based on the shallow depth of excavation and the relatively open areas surrounding locations
with source materials, shoring is not expected to be required to maintain slope stability.

Excavation

Prior to initiating excavation activities, underground utilities will be located in and around the
work area utilizing the Joint Underground Locating Information for Excavators (JULIE).
Encountered utilities will be supported, rerouted, capped, or worked around in a manner which
will allow for continued service.

A truck-mounted backhoe or equivalent equipment will be used to excavate impacted soil. In
locations where utilities are encountered, alternative excavation equipment (hand digging or
air knife) may be utilized.
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o Table 1 presents a summary of information regarding depth of previous PCB sampling,
distance to groundwater, and estimated exient of excavation at each PCB-impacted
location.

¢ Remediation Area 8 will consist of two excavation areas:

= Remediation Area 8A - An area, approximately 16 feet iong by 16 feet wide
by 3 feet deep, ceniered on the location of SB207 (i.e., the location with the
highest PCB concentrations) and includes SG006 and SG107.

= Remediation Area 8B -- An area, approximately 55 feet long by 15 feet wide
by 3 feet deep, with the north-south grid axes and the east-west axes
centered on the location of SG106. Locations SG 109 and $G110 are also
covered by Remediation Area 8B.

o Remediation Area 9 will consist of an area, approximately 9 feet tong by 9 feet
wide by 2 feet deep, centered on the locations of SG004 and SG102 where
PCB concentrations exceeded 1 mg/kg.

Locations of the excavations areas are provided on Figure 4.

Stockpiling

Excavated sofl will be stockpiled for characterization sampling prior to transportation offsits.
Stockpiles will be covered with polyethylene sheeting to avoid migration of PCBs via run-off after
rain events or emission of airborne particulates.

Transportation and Disposal

Waste transport and disposal will be handled by licensed waste handler. Trucks transparting
material off-site will be lined and covered, as necessary, for highway travel to the selected
landfill. The appropriate paperwork (e.g., manifesis) for hauling and disposal will accompany
each load. Disposal certifications will be provided by the disposal contractor following
acceptance of the waste.

Decontamination

All sampling equipment will be decontaminated according to the procedures detailed in Section
4.4 of the Site quality assurance project plan (QAPP) and Standard Operating Procedure (SOF)
F501 {(Appendix C). All sampling equipment that makes contact with impacted soil will be
decontaminated before use at another sampling location. All non-dedicated sampling
equipment, such as sample knives, will also be decontaminated before reuse at another
location.

Equipment that comes into contact with potentially impacted material will be decontaminated
prior o leaving the Site. This includes all equipment entering the Site. All on-road vehicles
leaving the Site will be inspected and decontaminated as necessary to prevent the spread of

AECOM Page 14 of 30



Former Birmingham Steel Corporation Joliet Works 50-acre Facility March 2015
Self-Implementing Remediation Work Plan for PCB Impacted Areas Section 2.0

_impacted materials off-site. A heavy equipment decontamination area will be constructed to
collect decontamination water for disposal off-site.

2.3.4.4 . Removal of PCB sludge

If sludge material is present at X131, it will be removed to drums following appropriate protocols
for waste handling, storage, testing, and off-site disposal. The area with sludge will be double
washed and rinsed in accordance with procedures in Wipe Sampling and Double Wash/Rinse
Cleanup as Recommended by the Environmental Protection Agency PCB Spill Cleanup Folicy
(USEPA, 1991). Wipe sampling will be conducted following the washing/rinsing procedures, as
discussed in Section 2.4.2.

2.3.4.5 Site Restoration

Upon completion of the remedial action activities, the Site will be restored to the current
surface conditions. Temporary fencing, filter fabrics, decontamination pad, trailer, portable
toilet, and field equipment will be removed from the Site. Excavated material (e.g., concrete or
asphalt pavement) will be collected and disposed of off-site as [DW.

2.4 Verification Sampling

This section presents the plan developed to verify ROs are met post-excavation. Figure 4
shows remediation locations.

For clarity, ROs for PCB areas are tabulated below.

Central Parcel SB207/SG006/SG107 Remediation Area 8A =1 mglkg
S5G106/ 5G109/SG110 | Remediation Area 88 =1 mg/kg
5G004/SG102 Remediation Area 9 =1 mgkyg

PCB.in'Siudy
To be determined. See Section 2.6
Central Parcel X131 Remediation Area 10 and Section 2.8 for additional
information.

2.4.1 Procedures for Verification Sample Collection

Excavation verification samples will be collected as grab samples from the bottom of the
excavation using stainless-steel trowel and/or spoons, provided that the excavation is safe to
enter and would not violate applicable Occupation Safety and Health Administration (OSHA)
regulations. Should the excavation be unsafe to enter (e.g., when the excavation is greater than
4 feet), samples will be collected using a decontaminated backhoe bucket. Soil from the bucket
will be taken using a stainless-steel trowel and/or spoon and then transferred to sample

containers for analysis.
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2.4.1.1 Post-Remediation Verification Sampling at Remediation Area 8

Table 1 shows estimated areal extents and volume for Remediation Area 8. It should be
noted that areal extents and excavation depth shown are estimated for planning purposes.
The actual extent of excavation will be determined in the field.

As indicated in Section 2.3.3.1, aithough total PCB concentrations at SG006, SG106, SG107,
SG109, and SG110 were below the criterion for PCBs to be considered as source material
(i.e., 50 mg/kg); these locations will be remediated along with SB207 at Remediation Area 8
due to their proximity to SB207 (see Figure 3).

Presented below is a summary of the procedures that will be used to collect verification
samples at Remediation Area 8. This sampling plan has been designed to meet requirements
in Subpart O of 40 CFR 761 {i.e., 40 CFR 761.280 through 40 CFR 761.298), as specified in
40 CFR 761.61 (a)(6) for bulk PCE remediation wasie:

¢ Minimum Number of Samples

o According to 40 CFR 761.283 (a}, a minimum of three samples are required for
each type of bulk PCB remediation waste at each PCB cleanup waste location.

o At Remediation Area 8, there are two cleanup areas {i.e., unpaved surface by
the front entrance to the Site, subdivided info Remediation Areas 8A and 8B)
and one type of remediation waste {i.e., soil). Therefore, a minimum of six soil
samples (i.e., a minimum of three samples each from Remediation Areas 8A
and Area 8B) are required.

¢ Selection of Sample Locations
To reduce the total number of samples to be collected for laboratory analyses,

composite samples will be collected using procedure as provided in 40 CFR
761.289(b)..

=  Remediation Area 8A — Presented below are the procedures that will be used
to select three sample locations at Remediation Area 8A, as shown in
Appendix B-1, Figure 1.
1. Mark out an area approximately 16 feet long by 16 feet wide, centered
on the location of $SB207 and includes SG 006 and SG107.

2. Overlay the area with a 1 meter (approximately 3.3 feet} square
sampling grid, based on communication with Jennifer Dodd of USEPA
on February 26, 2015.

3. A single sample will be collected from the initial compositing area for
laboratory analyses by compositing samples from each of the nine grid
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points, in equal volume increments, by a geologist overseeing the
excavation.

- 4. Subseguent compositing-areas-form concentric-square zones, one grid
interval wide, around the Initial compositing area and around each
successive subsequent compositing area. Two composite samples will
be collected from subsequent compositing areas for laboratory analyses
by compositing samples from eight grid points.

x  Remediation Area 8B -- Presented below are the procedures that will he used
to select sample locations at Remediation Area 8B, as shown in Appendix B-1,
Figure 2.

1. Mark out an area approximately 55 feet long by 15 fest wide, centered
on the location of SG106 and includes SG 109 and SG110 to its west
and east, respectively.

2. Overlay the area with a 1.5 meter (approximately 5 feet) square
sampling grid.

3. An area of inference, as described in 40 CFR 761.283(d) for a
composite sample is determined by summing the individual areas of
inference for each of the individual samples combined in the composite.
As shown in Appendix B-1, Figure 2, the estimated 54 feet by 15 feet
excavated area can be subdivided into eight inference areas. A
composite sample, consisting of equal volume increments from each of
the grid points, will be collected from each area of inference..

The verification soil samples from Remediation Area 8 will be analyzed for PCBs. Quality
control {QC) procedures including duplicate samples and laboratory analytical methods are
discussed in Section 2.5.4.

2.4.1.2  Post-Remediation Verification Sampling at Remediation Area 9
Table 1 shows estimated areal extents and volume for Remediation Area 9. Ii shouid be

noted that areal extents and excavation depth shown are estimated for planning purposes.
The actual extent of excavation will be determined in the field.

SG004 and SG102 (Because SG102 is in proximity to SG004 [ie., approximately 10 feet
northwest of SG004] are locations with total PCB concentrations greater than the RO of =1
mg/kg (Figure 3). These two locations will be handled as one excavated area [ie,
Remediation Area 9]).

Presented below are the procedures that will be used to select sample locations at
Remediation Area 8, as shown in Appendix B-1, Figure 3.
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o Minimum Number of Samples

o According to 40 CFR 761.283 (a), 2 minimum of three samples are required for
each type of bulk PCB remediation waste at each PCB cleanup waste location.

o At Remediation Area 9, there is one cleanup areas and one type of remediation
wasie (i.e., soif). Therefore, a minimum of three soil samples are required.

« Selection of Sample Locations

1. Mark out an area approximately 9 feet long by 9 feet wide, centered on the
location of SG004 and SG102.

2. Overlay the area with a 0.5 meter {approximately 1.6 feet) square sampling
grid.

3. A single sample will be collected from the initial compositing area for laboratory
analyses by compositing samples from each of the nine grid points, in equal
volume increments, by a geologist overseeing the excavation.

4. Subsequent compositing areas form concentric square zones, one grid interval
wide, around the initial compositing area and around each successive
subsequent compositing area. Two composite samples will be collected from
subsequent compositing areas for laboratory analyses by compasiting samples
from eight grid points.

Verification soll samples will be coilected and analyzed for PCBs. QC procedures including
duplicate samples and laboratory analytical methods are discussed in Section 2.5.4.

2.4.2 Verification Sampling at Remediation Area 10
No excavation will be conducted at Remediation Area 10. Information regarding the

management, testing, and off-site disposal of material to be removed from this area is
presented in Section 2.6 and information regarding actions to be considered is presented in
Section 2.8.

2.5 Procedures for Field Quality Assurance/Quality Control

Verification seoil samples will be collected and handled to assure that data quality standards
are met and samples collected during the field activities represent the actual field conditions.
General protocols for sampling, sample handling, storage, chain-of-custody, laboratory, and
field analysis are described in the QAPP, presented as Appendix B to the approved RAP
(USS, 2014). Applicable SCPs are included as Appendix C to this work plan. This section
discusses the following quality assurance/quality control {(QA/QC) requirements:

s Field documentation
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2.5.1

Decontamination

Calibration procedures and frequency

QC samples and collection procedures
Sample handling procedures

Field Documentation

information pertinent to the field investigation will be recorded in a bound field logbook. The
front of the field logbook will be labeled with the following information:

Person or organization to whom the book is assigned
Book number

Project name and number

Start date

End date

Data will be recorded in the field logbook in a legible manner. Logbook entries will contain
accurate and detailed documentation of daily project activities. Eniries in the logbook will
include the following, as applicable:

Site identification

Site personnel

Volume of material excavated

Number of trucks hauling material off-site
Observation of decontamination Location and description of sampling points
References to photographs of the field activities
Sample identification number

Number of samples collected

Date and time of sample collection

Reference to sample location map

Collector's name

Field observation

Number of QA/QC samples ccllected

AECOM
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o Sample distribution (e.g., QA laboratory, agency split)
¢ Field measurements made (e.g., PID/FID readings)
¢« End of the day site walkthrough to check and ensure excavation is secure and safe

The field logbook will be maintained while investigation related field activities are in progress.
Photographs may be taken to provide visual evidence of significant items or anomalies. The
photographs will be referenced appropriately in the field notebcok. Following the fieldwork, the
field logbook will become part of the project file.

2.5.2 Decontamination

Prior to initiating soil sampling activities, a decontamination area will be established on-site.
The sampling equipment will be decontaminated before sampling and between sampling
events {o prevent potential cross-contamination. Sampling equipment will be decontaminated
between each sampling event using an Alconox (or similar detergent) wash, potable water
rinse, and distilled water rinse. Additional decontamination procedures may be required (i.e.,
methanol or isopropanol rinse) in the event that tarry or cily materials come into contact with
the sampling equipment.

2.5.3 Procedures for Calibration

Field-testing equipment to be used for analytical determinations at the Site fall into two
categories: those calibrated by the manufacturers and those calibrated on a scheduled,
periodic basis. Measuring and testing equipment will be calibrated at prescribed intervals
and/or prior to use. Field-sampling instrumentation that requires calibration will be calibrated
at the beginning of each day and when conditions indicate that more frequent calibration is
required.

Equipment will be calibrated using reference standards or accepted values of natural physical
constants. If national standards do not exist, the basis for calibration will be documented.
Field equipment calibration will be performed as described in the manufacturer's literature for
each instrument. Equipment that fails calibration or becomes inoperable during use will be
removed from service and either segregated to prevent inadvertent use or tagged to indicate it
is out of calibration.

2.5.4 Procedures for QC Sample Collection

QC samples, which include trip blanks, field or rinsate blanks, duplicates, and matrix spikes
will be collected to assess the quality of the data resuiting from the field sampling and
analytical program. The following describes the collection procedures, rationale, and
frequency for each QC sample type.
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2.5.41  Equipment/Rinsate Blanks

Equipmentfrinsate blanks will be collected to determine the probability of sample
contamination__or _cross-contamination from reusable equipment subsequent to their
decontamination. Equipment blanks are analyte-free reagent water samples that contact
sampling equipment under field conditions and are analyzed to detect any contamination from
sampling equipment, cross-contamination from previously collected samples, or contamination
from conditions during sampling (i.e., airborne contaminants that are not from the waste being
sampled). The minimum number of required equipment/rinsate blanks when reusable
sampling equipment is used is one per every 20 investigative samples, or, if there are fewer
than 20 samples per matrix, one per matrix.

2.5.4.2  Field Blanks

Field blanks will be collected to check for procedural contamination when equipment/rinsate
blanks are not collected due to use of disposable sampling equipment. Field blanks are
analyte-free reagent water transported to the site and transferred into appropriate sample
containers on-site. The minimum number of required field blanks is one per every 20
investigative samples; or, if there are fewer than 20 samples per matrix, one per matrix.

2.5.4.3  Field Duplicates

Field duplicates will be collected to document precision. The precision resulting from field
duplicates is a function of the variance of the matrix being sampled, the variance of the
sampling technique, and the variance of the analytical technique. The minimum number of
required field duplicates is one per every 20 investigative samples; or, if there are fewer than

20 samples per matrix, one per matrix.

2.5.4.4  Matrix Spike/Matrix Spike Duplicate

Matrix Spike/Matrix Spike Duplicate (MS/MSD) will be collected to document the bias and
precision of a method. The precision of the method is a variance of the analytical techniques.
The minimum number of required MS/MSD samples is one per every 20 investigative
samples; or, if there are fewer than 20 samples per matrix, one per matrix.

2.5.5 Procedures for Sample Handling
A brief summary of field sample handling procedures, including numbering, chain-of-custody,
shipping, and laboratories, is presented below.

2.5.5.1  Sample Numbering

Immediately upon collection, each sample bottle will be labeled with an adhesive label and
affixed with a sample tag.

Numbering of Verification Soil Samples

Each soil sample will be given a unigue identifier.
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e The first field of the sample name will consist of “SI,” designating samples collected from
PCB-impacted areas at the Site as part of the self-implemented remediation activities.

« The first part of the second field will be the sample source code. This will be ‘RABA” and
“RASB” for soil verification samples to be collected at Remediation Areas 8 and "RA9” for
samples collected at Remediation Area 9. The second part of the second field is a
double-digit code to denote samples collected from each compositing area.

e The third field will be the sample matrix code. Surface soil samples, defined as oil
samples collected from 0-0.5 feet bgs, wili be designated as "SS” and subsurface soil
samples (defined as soil samples collected below 0.5 feet bgs) wili be designated as
“SB".

e The first part of the fourth field of the sample name will be the sample collection date
code, which will be an eight-digit number. For example, a sample collected on April 2,
2015 would have the code 04022015. The second part of the fourth field will be the code
for QC samples, if collected.

o When a field duplicate is being taken, an “FD" will follow the date code.

o When a matrix spike (MS) or matrix spike duplicate (MSD) sample is being taken,
the sample date will be followed by "MS” or “MSD.”

o When an equipment blank (rinsate) is being taken, an “EBK” will follow the date
code.

o When a field blank is being taken, an “FBK” will follow the date code.

2.5.5.2  Chain-of-Custody

Chain-of-custody records will be completed and enclosed in the shipping coolers with the
appropriate samples. These will designate the transfer of custody and method of shipment.

2.5.53 Sample Shipment

Samples will be packed so as to protect from breakage and shipped in coolers. Each cooler
will be sealed with chain-of-custody tape so that any opening of the cooler during shipment will
be indicated. lce will be used to maintain a temperature of 4 degrees centigrade (°C). The
samples will be sent by an overnight carrier or by hand courier to insure delivery to the
laboratory within 24 hours after collection.

2.5.5.4 Laboratories

Soil and wipe samples that have been selected for laboratory analysis wilt be shipped to a
National Environmental Laboratory Accreditation Conference (NELAC)-accredited laboratory.
Samples will be extracted and analyzed in accordance with the following methods, as required
in 40 CFR 761.292:
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¢ Samples will be exiracted using SW-846 Method 3500B/3540C or Method
3500B/3550B (USEPA, 1997); and

s.. Analyzed for. PCB Araclors.using SW-846 Method 8082, -
2.6  Procedures for Managing Investigation-Derived Wastes

Excavated soil will be stockpiled by Remediation Areas for testing prior to off-site disposal. All
excess sample material, or fluids {including decontamination water), disposable PPE, and other
IDW that are potentially contaminated with chemicals, will be placed into drums, tanks or other
suitable containers for subsequent disposal. Management of IDW is described in SOP F504 in

Appendix C.

The disposal of the excavated material and fluids will be in accordance with applicable laws and
regulations. The method of disposal will be determined after the analytical program is complete
and the nature of the iIDW can be determined.

Presented below is a summary of the procedures that will be used for sampling IDW for off-site
disposal:

+ [Excavated Soil

o Excavated soil from Remediation Areas 8 and 9 will be piled, separately, into a
conical shape.

o Eight soil samples will be collected from both piles following the procedure in 40
CFR 761.347(c). Appendix B-2 presents diagrams to illustrate the methodology
that will be used to select samples from a pile.

s Used Sample Material and PPE

o Used sample material (e.g., wipes, absorbent pads) and PPE will be placed in
drums and disposed off-site along with excavated soil.

¢ Liquid Waste Generated

o Liquid waste generated will include water from the decontamination of
equipment, water from washing and rinsing Remediation Area 10 prior to wipe
sample collection, and water-in-iill removed during dewatering activities, if
necessary.

o Liguid waste will be containerized, logged, tested, and shipped to an off-site

hazardous or non-hazardous fandfill pending results of waste characterization in
accordance with 40 CFR 260 through 268.
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¢ Removed Material from Remediation Area 10

o Material removed from Remediation Area 10 (i.e., debris on the floor and solids
from adjacent sump) will be containerized and samples will be collected for
laboratory analyses of total PCBs. In addition, containerized material will be
logged, tested, and disposed of at an off-site hazardous or non-hazardous landfill
pending results of waste characterization in accordance with 40 CFR 260 through
268.

2.7 Procedures for Internal QC Checks, Audits, and Corrective Action

Internal audits of field activities will be conducted at least once at the beginning of the verification
sample collection activities. The audits will be conducted by the QA Officer.

2.8 Contingency Plan

2.8.1 Remediation Areas 8 and 9

The analytical data reported in verification soil samples (Section 2.4.1) will be reviewed to
determine if PCBs are still present above ROs.

For Remediation Areas 8 and 9, USS may elect to either:

1. Continue vertical excavation in initial composite of subsequent areas that exceeded the
RO and repeat cleanup verification sampling according to Subpart O; or,

2. Place a cap over the excavated areas where remediation waste with PCB
concentrations > 1ppm and < 10 ppm remain in place.

2.8.1.1 Continued Excavation
PCB analysis for the initial and subsequent composites will be evaluated to determine

achievement of the ROs. Where exceedances of the ROs are still present, USS will continue
excavation using the protocols in Subpart O. If the subsequent excavation is not conducive to
the 1.5 meter grid interval in 40 CFR 761.283(b), USS will follow 40 CFR 761.283(c) for small
cleanup sites.

2.8.1.2  Cap Requirements
The cap will meet the following requirements:

¢ The cap will have a minimum thickness of 10 inches of compacted soil or 6 inches of
concrete or asphalt, as defined in 40 CFR 761.61(a}{7), and will be designed and
constructed as specified in 40 CFR 264.310(a).

+ Deed restriction for maintaining the cap, as specified in 40 CFR 781.61(a)(8).
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2.8.2 Remediation Area 10

If results of removed material sampling {(Section 2.6) indicate total PCB concentrations

1.

2.

Perform double wash/rinse procedures of the surface as provided in Wipe Sampling
and Double Wash/Rinse Cleanup as Recommended by the Environmental Protection
Agency PCB Spill Cleanup Policy (USEPA, 1991),.

Conduct wipe sampling in accordance with procedures outlined in USEPA, 1991.

The need for further action will be evaluated, if wipe test results exceed 10 micrograms per
100 centimeter square (10 ug/100 cm?), a cleanup level established in USEPA, 1991 for high-
and low-concentration spills at indoor commercial areas,

Each wipe sample, if collected, will be identified using the following identifier:

The first field of the sample name will consist of “SI,” designating samples collected from
PCB-impacted areas at the Site as part of the self-implemented remediation activities.

The second field will be the sample source code. This will be “RA10” for wipe samples to
be collected at Remediation Area 10. The second part of the second field is a double-
digit code randomly assigned in the field (and recorded in field notes) for wipe samples
and QC samples. It should be noted that QC samples will not be explicitly identified in
sample designation when submitting samples for laboratory analyses, based on
guidance provided in Wipe Sampling and Double Wash/Rinse Cleanup as
Recommended by the Environmental Protection Agency PCB Spill Cleanup Policy
(USEPA, 1891).

The third field will be the sample matrix code. Wipe samples will be designated as “WP".

The fourth field of the sample name will be the sample collection date code, which will be
an eight-digit number. For example, a sample collected on April 2, 2015 would have the
code 04022015. The second part of the fourth field will be the left blank because QC
samples will not be identified when submitting samples to the analytical laboratory.

AECOM
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3.0 HEALTHAND SAFETY

A project-specific HASP will be prepared to address planned remedial and soil sampling
activities to be conducted at the Site. This HASP will be provided to all site workers for review.
The function of the HASP is to inform personnel of the existing hazards and present methods
to perform the work in a manner that will prevent the occurrence of an accident or exposure.
Another function of the HASP is to provide policies and procedures o follow in the event of an
accident, and to minimize exposures and/or injuries to site personnel.

All personnel who wiil be working in the exclusion zone and/cr contaminant reduction zane will
be required to read and understand the contents of the HASP, and sign an agreement to
comply with the protocols and procedures stated in the HASP. Site safety issues will be
addressed in an on-site kickoff meeting as well as daily pre-work meetings.
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4.0 REPORTING AND RECORDKEEPING REQUIREMENTS

This section describes recording and recordkeeping that will be conducted to meet applicable
requirements by the I[EPA and USEPA.

41 IEPA’s Requirement

Within 90 days after the completion of the remedial phase, a Remedial Action Completion
Report will be submitted for review. Presented below is a preliminary outiine of the repor,
prepared 1o provide information specified in 35 IAC 740.455. It should be noted that this
outline may be modified to incorporate recordkeeping requirements specified by USEPA, as

provided in 40 CFR 761.125(c)(5) {(see Section 4.2).

Executive Summary

1.0 Introduction

1.1 Background

1.2 Objectives
2.0 Field Activities

2.1 Filed Activities Conducted

2.2 Remedial Activities Implemented and Performance of Remedial Technology

2.3 Measure taken to Ensure Compliance

3.0 Special Considerations

3.1 Engineer Barriers

3.2 Institutional Conftrols

3.3 Post-Remedial Monitoring
34 Other Conditions

4.0 Results

5.0 Conclusion

Appendices
Appendix A  References
Appendix B Data Sources
Appendix C  Environmental Notice Form
AppendixD  Field Logs
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Appendix E  Laboratory Analytical Report
E-1 Laboratory Analytical Report
E-2  Accreditation Status of the Analytical Laboratory 7
E-3  Certification by an Authorized Agent of the Laboratory
Appendix £ Licensed Professional Engineer Affirmation

4.2 USEPA’s Requirement

4.21 Recording

USS will complete the following activities, within 60 days of completion of remedial activities, to
meet reguirements as outlined in 40 CFR 761.61(a)(8)(i).

o 40 CFR 761.61(a)(8)(i)(A)

Record a notation to the deed to the property that will in perpetuity notify any potential
buyer of the property:

o The land has been used for PCB remediation waste disposal and is
restricted to use as a low occupancy area, as defined in 40 CFR 761.3.

o Of the existence of the fence or cap, if relevant, and the requirement to
maintain the fence or cap.

o The applicable cleanup levels left at the Site, inside the fence, and under
the cap.

o 40 CFR 761.61(a)(8)(i)(B)

Submit a signed certificate to the USEPA Administrator indicate a notation as required
under 40 CFR 761.61(a)(8)(i)(A) has been recorded.

As provided in 40 CFR 761.61(a)(8)(i)), USS may remove a fence or cap after conducting
additional cleanup activities and attaining ROs that do not require a fence or cap.

4.2.2 Recordkeeping

USS will document information relevant to the cleanup activities as outlined in 40 CFR
761.125(c)(5) and incorporate information, as appropriate, into the Remedial Action
Completion Report (Section 4.1).

AECOM Page 28 of 30



Former Birmingham Steel Corporation Joliet Works 50-acre Facility March 2015
Self-Implementing Remediation Work Plan for PCB Impacted Areas Section 5.0

50 SCHEDULE OF IMPLEMENTATION

USS will implement remedial activities within 30 days of the receipt of approval of this work
plan.

The remedial activities are estimated to take approximately three months working during
normal business hours. This includes site preparation, excavation, backfilling, disposal, and
site restoration. Work schedule may be adjusted based on field activities, weather conditions,
and disposal facility business schedules.
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Table 1

Summary of PCB Remediation Areas

Birmingham Steel Joliet Works 50-Acre Facility, Joliet, lilinois

Location Estimated Volume
Sam;_:le Sample Remt.adlal Remediation Concentration Sample Areal Excavation
Subarea | Location 3 Action ] Water Table Volume
Matrix ! Objective of total PCBs Depth Extents Depth
ID Location ID
(mglkg) (Feet bgs) | (Feetbgs) | (Feet)) (Feet) | (Feet®) | (yd?)
585 0to 0.5
SB207 Soil o — : ;’2 : 6
_ Remediation 1 mgkg : e 16 x16 3 768 28
SGO06 Sail Area 8A 4.05 0.083-0.167 | NA
5G107 Soil 414 0-0.5 NA
SG 106 Soil o 4408 24 oo
Central . Remediation 1 mafkg 3.17 2-3 NA 55 x 15 3 2475 92
Parcel | SG109 Soil Area 8B 2.46 0-0.5 NA
SG110 Sail 3.8 0-0.5 NA
SG004 Sail iati 2.81 0.167-0.25
, Remediation 1 mg/kg 3 |@| o9xo 2 162 6
SG102 Soil Area 9 3 0-0.5
Sludge on Remediation
X131 Conerets Floor Arsa 10 (b) 1.4 NA NA NA NA NA NA
Total (Estimated)| 126

bgs: Below Ground Surface.

mg/kg: Milligram per kilogram.
NA: Not Applicable.
PCB: Polychlorinated Biphenyls.
yd* Cubic Yards.

(a) Based on water level at a nearby location (S8B205).

{b) Housekeeping activities will be conducted at Remediation Area 10. Material to be removed from this area (e.g., debris on the floor and solids in adjacent
sump) will be containerized for off-site disposal. A sample of the removed material will be sent to the laboratory for PCB analysis. USS may perform double
wash/rinse procedure and subsequent wipe sampling, if concentration of total PCB in the sample of removed material exceeds 10 mg/kg.

Table 1
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Appendix A-2
Appendix A-3
Appendix A-4

Appendix A-5

Appendix A

Summary of PCB Data from Previous Investigations

Data Collected by WTI (2003)/Soil and Oily Water Samples

Data Collected by IEPA (2004)/Soil and Sludge Samples

Data Collected by CEC (2006 and 2007) Soil and Groundwater Samples
Data Collected by URS (2008 and 2009) Groundwater Samples

Data Collected by URS (2013) Soil and Groundwater Samples






Appendix A1

TABLE A-1
PCB ANALYTICAL RESULTS
Sample ID MF-1 .13 RM-1-2
Analyte Unit PRG for PRG for Analytical . o~
Industrial Soil |Residential Soll| ., . Collected Date: 10/13/03 10/2/03 10/13/03
1 2 - Lab Sample ID | 0310-1333 | 0310-0672 | 0310-1332
Polychlorinated Biphenyls (PCB)
Aroclor-1248 mg/kg 0.74 0.22 8082 12672-29-6 1 ub
Aroclor-1254 ma/kg 0.74 0.22 8082 11097-69-1 1 UuD
Aroclor-1260 mg/kg 0.74 0.22 8082 11096-82-5 1 uD
PCB Total-TCL mg/kg 0.74 0.22 1336-36-3 1 uD

D: Sample was diluted prior fo analyses.
J: Concentartion was estimated.
PRG: Preliminary Remediation Goal
U; Analyte not detected.

! USEPA Region 9 Industrial Soil Preliminary Remediation Goals.
2 USEPA Region 9 Residential Soil Preliminary Remediation Goals.
3 Not Analyzed - Broken by the Laboratory
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TABLE A-1
PCB ANALYTICAL RESULTS
RM-1-3 RM-2 S8-3 S84 88-5
Analyte Unit PRG for PRG for Analytical
industrial Soil |Residential Soil Method 10/17/03 10/2/03 10/2/03 9/30/03 9/30/03
1 2 0310-1717 | 0310-0673 | 0310-0669 | 0310-0465 |0310-0466
Polychlorinated Biphenyis (PCB)
Aroclor-1248 mg/kg 0.74 0.22 8082 74 | D 1 Uub 1 Uub 1 |UD
Aroclor-1254 mg/kg 0.74 0.22 B082 18 | D 1 uD 14 | D 1098 |JD
Aroclor-1260 ma/kg 0.74 0.22 8082 8 D 1 uD 3 D 22 | D
PCB Total-TCL mg/kg 0.74 0.22 32 D 1 Up 4.3 D 3.2 | b

D: Sample was diluted prior to analyses.
J: Concentartion was estimated.
PRG: Preliminary Remediation Goal
U; Analyte nat detected.

' USEPA Region 9 Industrial Soil Preliminary Remediation Goals.
2 USEPA Region 9 Residential Soil Preliminary Remediation Goals.
® Not Analyzed - Broken by the Laboratory

Page 2 of 4
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TABLE A-1
PCB ANALYTICAL RESULTS
TP-7-4 TP-8-7 TP-8-0OIL TP-9-6
Analyte Unit PRG for PRG for Analytical

Industrial Soil |Residential Soil Method 9/30/03 9/29/03 9/29!03 9/29/03

1 2 0310-0456 0310-0457 0310-0461 | 0310-0458
Polychlorinated Biphenyls (PCB) )

Aroclor-1248 mg/kg 0.74 0.22 8082 1 uD 1 uD 1 up 1 uD
Aroclor-1254 mg/kg 0.74 0.22 8082 1 upD 1 uD 1 uD 1 uD
Aroclor-1260 ma/kg 0.74 0.22 8082 1 ub 1 up 1 up 1 up
PCB Total-TCL ma/kg 0.74 0.22 1 UD 1 uD 1 uD 1 up

D: Sample was diluted prior to analyses.
J: Concentartion was estimated.
PRG: Preliminary Remediation Goal
U; Analyte not detected.

' USEPA Region 9 Industrial Soil Preliminary Remediation Goals.

? USEPA Region 9 Residential Soil Preliminary Remediation Goals.
* Not Analyzed - Broken by the L.aboratory

Page 3 of 4
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TABLE A-1
PCB ANALYTICAL RESULTS

TP-10-4 TP-13-8 | TP-14-1.
Analyte Unit PRG for PRG for Analytical :

Industrial Soil | Residential Soil Method 9/29/03 9/30/03 9/30/03
1 2 0310-0459 | 0310-0463 | 0310-0464

Polychlorinated Biphenyls (PCB)

Aroclor-1248 mg/kg 0.74 0.22 8082 1 ub 1 un 1 uD
Araclor-1254 mg/kg 0.74 0.22 8082 1 ub 1 up 1 ub
Aroclor-1260 mg/kg 0.74 0.22 8082 1 ub 1 uD 1 uUbD
PCB Total-TCL mg/kg 0.74 0.22 1 ub 1 uD 1 upD

D: Sample was diluted prior to analyses.
J: Concentartion was estimated.
PRG: Preliminary Remediation Goal
U; Analyte not detected.

' USEPA Region 9 Industrial Soil Preliminary Remediation Goals.
2 USEPA Region 9 Residential Soil Preliminary Remediation Goals.
* Not Analyzed - Broken by the Laboratory
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Comparison to Tier T Soil Ingestion and [nhalation Exposure Route for the Industrial Worker

Appendix A-2.1
Table A-2.1
Summary of IEPA Industrial Worker Data

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois

Tier 1 Soll Tlar 1 Soll
Remedlation Remaediation
Parameter cAs Units | Background (a) | Objectives for Objsctives for 5.')4(112%%4 samos | wamnos | sapvos | saoos 51:(112%4 5;:2%14 sarzons | surmona
Industrial Worker Industrial Worker
Ingestion Reute (b} | Inhalation Route (b)
Sample Typs
Samplo Imterval] (2,5 - 2.5) [3-4) 3-4) {1-135) 2-2) 3-3) -6 4.5 - 4.5 2-2)
PGEs
Aroclor 1016 2874112 mofkg NV 1 NV 0.037 J 0033 U .035 UJ 37 U 042 n.n6s U 0.037 U 0.048 U 0044 U
Aroclor 1221 1104282  § molkg NV 1 Nv ¢.074 UJ 0.068 U .071 L .75 U 0.86 U 013 U 0.076 U 01U 0.08 UJ
Aroclor 1232 1141165 Fmglkg NV 1 Ny .037 UJ £.033 U .035 UJ 37 U 0.4z U D066 U 0037 U 0.04¢ U ¢.044 L)
Aroclor 1242 53468219 magrkg NV 4 NY 037 U ¢.033 U 0.035 L 037 U 042 U 0.066 U 0037 U 0.049 U 0.044 UJ
Aroclor 1248 12672298 maska NV NV 037 U 0.033 U 0.035 Ud 037 U 025 4 o.066 U 0141 J 0.049 U 0.044 U
Aroclor 1254 11087691 mafkg v 1 NV .037 Ut 0.033 U 0.035 UJ 037 U 042 U G.086 U 0.037 U 0.049 U 0.044 UJ
[Aroclor 1260 11096825 magikg v NY .G37 Ud 0.033 U 0.035 UJ 037 U 042 U 0.085 U 0.037 U 0.049 U 0.044 Ud
Palychlorinated Biphenyls, Total 1336383 matkg v 1 NV 0.674 UJ 0,068 U 0.071 UJ 075 U 225 J 013 U 61 d 01 U 0.08 U
Table A-2.1
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Cemparison to Tier 1 Soll Ingastion and Inhalation Exposure Route for the Industrial Worker

Appendix A-2.1
Table A-2.1
Summary of [EPA Industrial Worker Data

Former Birmingham Steei Corporation
50-acre Joliet Works Facility
Joliet, llingis

Tler 1 Soil Tier 1 Soll
Ramediation Remadiath X1104 X X112 X113 X114 X116 X117 X118 xtig
Parameter CAS nits | Background {a) Objectives for Objactives for
Industrial Worker Industrial Worker Si4i2004 5/512004 5/6{2004 5/5/2004 5/6/2004 87672004 5raf2004 51412004 51412004
Ingestion Route (b) 1 Inhalation Route (b}
pfe Type
fa Intarval (2-2) (5-5) {5-5) {6 - 6) {4=-4 (5-8) (1-1.5 d-4 {2-2)
[PCBs
Aroclor 1016 12674112 mifkg NV 1 NV 0.045 UJ 046U 0.05 U 041 U 0.035 U 04 U 0.039 U 0.67 U 0.037 U
Araclor 1221 41104282 mgfkg NV 1 NV 0,002 UJ .094 U 0.1 U 0.82 U 007 U 081 U 0.079 U 14 U 0.076 U
Aroclor 1232 11141165 | mgrkg NV 1 v 0.045 UJ .046 U 006 U 041 U 0.035 U 0.4 U 0039 U 057 U 0037 U
Aroclor 1242 3469218 | ma/kg NV 1 v 0.045 UJ 046U 0.05 U c41 U 035 i 04 U 0.039 U 0687 U 0037 U
Aratlor 1248 2672206 malkg NV 1 v 0.045 UJ .046 U 005 U 641 U €.035 U 04 U 0038 U 067 U 0.037 U
Aroclor 1254 97691 mofkg NY 1 Ny 0.045 UJ .046 LU 0.05 U 041 U 035 U 04 U 0.03¢ U 0.67 U 0037 U
Aroclor 1260 11086825 rg/kg NV 1 NV 0.045 UJ .046 U 0.05 U 041 U 0.035 4 04 U 0.039 U 0.67 U 0.037 U
Polychlorinated Biphenyis, Total 1338263 mglkg v 1 Ny 0.082 U .094 U 01 U 0.8z U 007 U 0.81 U 0.079 U 14 U 0.078 U
Fabie A-2.1
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Comparison to Tier 1 Soii ingestion and Inhalation Exposure Route for the Industrial Worker

Appendix A-2.1
Table A-2.1
Summary of IEPA Industrial Worker Data

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Jollet, lilinois

Tier 1 Soil Tier 1 Soil
R lati at

Paramater S |units |Background (2)|  Objectives for opmetlation x120 X120 X1z X2 X126 1268 x127 X128 X129

industii wromer | mariecivester | sazmes | swanes | smmoss | srmoes | osmooos | ssmovs | smimoos | sz | smrsone

Ingestion Route {b} | Inkalation Reuts (b)

Sample Type
L Sample Infarval] 2. 3] ) 5-6.5] G4 (35-35] | (35-35 z-2 B9 05-035)
PCBs
Araclor 1016 12674142 mutky NV 1 N 043 U 0044 UdJ 930 U 42 U 043 U 0038 U 2.52 U 037 U
Aroctor 1221 11104282 mgfkg NV 4 NV ¢.87 U 0.088 UJ DY) .86 U pas u 0.077 U 1U 0.75 U
Aroclor 1232 11141165 mgfks NV 1 vV 043 U 0.044 UJ 038 U 42 U G.43 i 0.038 U 0.52 U 0.37 U
Aroclor 1242 53469219 mgfkg NV v 043 U 0.044 UJ 039 U 042 U 43 U 0.038 U 0.52 U 7 U
Aroclor 1248 12672298 markg v 1 v 043 U 0.044 UJ 039 U 042 U 43 U 0.038 U 052 U Yilll¥]
Aroclor 1254 11097891 myfkg v NV 043 U 0.044 UJ 039 U 0942 U .43 U 0038 U 052 U 37 U
Aroclor 1260 11096825 mo/kg Y 1 NV 043 U ¢.044 W) 039 U 042 U 43 U 0.038 U 052 U 37 U
Polyshlorinated Biphenyis, Total 1336363 mofkq NV 1 NV 0.87 U o.088 W 08 U 088 U 0.88 L 0.077 U iU 08 U
Table A-2.1
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Comparison to Tler 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Appendix A-2.1
Table A-2.1
Summary of IEPA Industrial Worker Data

Former Birmingham Steel Corporatien
50-acre Joliet Works Facility
Joliet, Hiinois

Tiar 1 Sof Tier 1 Soil
Remediation Remadlation X130 X1 X132 X133 X134 X135 X138 X139 X148
Parameter CAS Units | Background {a) Dbjectives for Objectives for
Industrist Worker Industrlal Workar 5/6/2004 51312004 53/2004 51672004 5/e/2004 51612004 5/5/2004 5/3/2004 5/6/2004
Ingestion Route (b) | Inhalation Route (b) i}
Sample Type
Sample Inferval] (5.4 -5.4) {0 - 0.5} {0-0.5 {5.5 - 5.5) {6.5 - 6.5 {6.5 - 6.5} (6.7} {0 -~ 0.25) 4-4)
PGEs
Aroclor 1016 12674112 [ mg/kg NV 1 NV 0.5 U G.39 U 0.34 U 047 U 0052 U 048 U 0.45 U 0.85 U 0.53 U
Araclor 1221 1104282 matky NV NV 1 U 0.79 U 0.69 U 095 U 011 U 0.94 U 091 U 1.7 U 11 U
Aracior 1232 1141165 mg/kg Ny Ny ] .39 4 534 U 047 4 0.052 U 046 U 045 U 085 U 0. [¥]
Arocior 1242 5348021 mglkg NV NV u .38 U 032 U 0.47 U 6.052 U 0.46_U 0.45 U 0.85 U 0.53 U
Aroclor 1248 267220 mg/kg NV NV ElY .38 U 034 U 047 U ¢.052 U 045 U 045 U 085 U 0 1]
Aroclar 1254 109769 mofkg NV NV 0.5 U 4 034 J 047 U 0,082 U 048 U 045 U 0.85 U 053 U
Aroclor 1260 4086825 malkg NV 1 NY 0.5 U 032 U 034 U 047 U 0.052 U 046 U 045 U 085 U 053 U
Polychlorinated Biphenyls, Total 1336363 mglkg NV 1 NV iU 1.4 0.34 J 1 u 0.1 U [ IEY) 0.9 U 1.7 U 1.1 U
Table A-2.1
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Appendix A-2.1
Table A-2.1
Summary of IEPA Industrial Worker Data
Comparison to Tier 1 Soll Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Jotiet Works Facility
Joiiet, Minois

Tier 1 Soil Tier 1 Soil
Parameter cAs Units | Background (a)|  Objectives for Disjactives far shmtos | semons | gmmves | soess
Industrial Worker Industrial Worker
Ingestion Route {h) | Inhalation Reute (b}
S fa Type
Sample Interval -4 4-4) (4.5 -4.5) {6 - 0.5)
PCBs
Aroclor 1018 12674112 mg/kg NY 1 NV 0.048 U 042 U 0.039 U 0.33 L
|Aroclor 1221 11104282 mg/kg NV NV 0.096 U 0.85 U 0,079 U 0.87 UJ
Aroclor 1232 11141185 marky NV NV 0.048 L 042 U 0.039 U 933 L)
JAroclor 1242 53469219 muorkg NV NV 0048 U 042 U G.038 U 0.33 W)
| Aroclor 1248 12672296 mafkg NV 1 NV 0,048 U 042 U 039 U 0.33 UJ
Aroclor 1254 11097631 moikg NV 1 NV 0048 U 042 U .039 ‘U 0.59 J
Arotlar 1260 11096825 mafkg NV 1 NY 0048 U 042 L) 039 U 0.33 LJ
Polychlorinated Biphenyis, Tolal 1336363 mgikg NV 1 NV 9.1 U 0.9 U 04 U 059 J

Table A-2.1
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Appendix A-2.1
Table A-2.1 Notes
Summary of IEPA Industrial Worker Data
Comparison to Tier 1 Soil Ingestion and inhalation Exposure Route for the Indusirial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Jaoliet, llinois

MNotes:

All units are in milligram per kilogram (mufia)

(a) Background values are basad on concentrations of consfituents In soll in countles within metropolitan statistical areas of lllinois (Appendix A of TACO, Tables G and H) (IPCB, 2013).
(b) Industrial Worker saif r ilation objactives are based on values provided 1n the Tieted Approach to Corrective Action Objectives (TAGO) - Appendix B, Tabla B (IPCB, 2013).

NV: No Value

FD: Fleld Duplicate Sample

{EPA: kiinojs Environmental Protection Agency

Parameter Groups

$VOCs: Semi-volatile Grganic Compounds
PCRBs: Palychiorinated Biphanyls

VOCs: Volatlle Crganic Compounds

Quallfiers

J: The assaclated numerical value is an estimated quantity.
U: The chemical was analyzed for, but not detected. The assaciated numericel value is the reporting limit.
R: Rejected data. Relected data wera used during the risk evalualing per IEPAs request,

Hold typafaca and no shading indicates a chemical was not detected, but its reporting limit exceeds the Tler 1 soll remedlatlon objectlves for the Industrial Worker for at least one exposure route.
Yellow shading indicates detected concentration exceeds the Tier 1 soil remediation objactives for the Industrial Worker for the ingestlon exposure raute,

Green shading Indicates detectad concentration exceeds the Tiet 1 soil remediation abjectives for the Industrial Worker for the inhalation exposure routa.
Blue shading indicates detected concentration exceeds the Tler 1 soll remecdiation objectives for the IndustrialWorker for both the ingestien and inhalation exposure routes.

Tabla A-2.1 Notes
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Jaliet, lllinois

Tier 1 Soil Remedlatlon | Tier 1 Soil Remedlatlon

Objactives for Industrial| Objectives for industrial SB001 SBO02 SB003 SBO03 SB004 SB004 SR005 SBO0E

Paramoter CAS Units | Background {a) |,y o ingestion Route |Worker Inhalation Route|  11/8/2006 111812006 117812008 117812008 111712006 117812008 111812006 1111712006
[b) (b}
Sample Type
Sample Interval {4 -6) {1-3} {0-0.5 {T-9) 0-0.5 (5-7) {3-5) (3 - 1,5}
FCBs

Arocior 1016 12674112 | mgiy N 1 NV Tz U 0.018 U 0078 U 021 U 504 U 0018 U 1073 U 5017 U
Arocior 122 11108262 | _molg N 7 NV Toz U o.01¢ U 0018 U 0.021 U .04 U 5.018 U 0.025 U o017 U
Aroclor 1237 11741165 | _mafka NV 7 NV . 002 U 0.07% U 0,078 U 0.021_U 0.04 U 0.018 U 0.023 U 0.017 U
‘Aradlor 1242 B3d69219 | _malkg NY T NV 0.0 U X T 0019 U 0.021 U 0.04 U 0.018_U 0,653 1 5017 U

Arosior 1748 12672296 | _mgikg Y i NV 0.02 U 5.019 U 6.09 U 0021 U 0.26 0.018 U 0.18 5.057

Arodlor 1554 11087501 | _maghkg N 1 NV 0.02_U 0.015 U 0078 U 0.021 U 0.27 0.016_U 5083 0.043

Avoclor 1260 11096875 | _mo/ka NV i N 6.0z U 5.012 U 0.048 0.091 U 0.21 0,052 0.084 .04

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analyfical Data
Comparison fo Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, Hlinois

Tier T Soit R diati Tler 1 Soll R ciatls
Parameter CAS Unlts Background (a} Objectives for Industrlal] Objectives for Industtial SHODE SB007 S5H008 58008 SB008 SBO0S sBO10 SBO11
Worker Ingestion Route inhalatlen Route 11/8/2006 11/8/2006 11/17/2008 FMT2006 11/B/2006 11/8/2006 11/8/2006 11/8/2006
] [CH
Sample Type (0]
Sample Inferval 2-4) {2-4) {0-0.5) {0-0.5) (2-4) i3-5) (4 -6} (5.7}
PCBs
Arocior 1016 12674112 maolkg NV 1 VA 0.017 U 0.019 U 8.037 U 0.018 U 017U 0.017 U
Aroclor 1221 11104282 mgfka NV 1 Vi : 0.017 U 4.019 U 8.037 U 0018 U L7 U 0.017 U
Aracior 1232 11141165 mgfkg NV 1 \V 0.7 U 0.9 L £.037 U 0018 U 017 U 0017 U
Aroclor 1242 53469212 molkg \4 NV 0.7 4 0.019 U ¢.037 U 0018 U 0.017 U 0017 _U
Arocler 1248 12672206 mgfk£ v NV 0.14 0.019 U 0,037 U 0.018 U 0.017 U 0.017 U
Arocler 1254 11037691 ma/kg, v NV £.092 0.019 U 0.037 U 0.018 U 0.041 0017 U
Arocler 1260 11086625 malkg v NV 0.057 0.018 U 0.093 0.073 0.017 U 0.017 U

Tehie A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois

Tler 1 Soll Remadiatlon | Tler 1 Solt Remadiation
Obj fer 1§ Objactives for sB011 seM2 sa012 saoz sB013 SHO14 SBOt6 SB0M6
Parameter cas Unlts  ; Background (a) |y o o tngestion Routs [Worker Inhalation Reuts|  11U/8/2008 | 117172006 | 1171712006 | 11/8/2006 11/8£2006 14782008 11712006 17712006
b}
Sample Type FD FD
Tample fnferval|__(5-T] T-05 [0-03] B @-6] 7 - 05) =31
PCBs
Arcclor 1016 712 | mgka T 1 N IR o0z U 001 U 00z U
Arocior 1221 104282 | magikg [ NV 0.07% U 002 U 6016 U 0.0z U
Arcclor 1232 141165 mgt‘kg NV NV 0.01% (U 0.02 U 0.013 U 0.0z U
Aroclor 1242 57460219 | moikg Y v 0.018 U 002 U 0.018 U 0.65 U
Aroclor 1243 17672298 | majkg NV 1 0 .01 U 002 U 0.019 U 0.02 U
Arorior F954 1067661 | makg [ 1 7 .07 U 002 U 0.013 U 0.6 U
Arcelor 1260 11096825 | _mgia N i N 0.0 U 002 U 0.046 0024

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acra .Joliet Works Facility

Joliet, lllincis

“fler 1 Solt Remediation | Tier 1 Soit Remadiat

Objactivas for Industrial| Objectives for sE0t7 sB017 sH017 S80S sB020 san2o SBO23 $BO24

Paramater CAS Units | Background (2} |y, gar ing Route jWorker inhatatlon Route|  11/17/2008 | 1111772006 14/7(3006 T1A3/2006 11/9/2006 117912006 11/13/2006 117812008

(b} b}
Sampla Typa FDO
Sample infarval] [0 =051 0-08] [P [05-1] [ -9) B5-1) )
PCBs

Arocior 1916 126741712 | mghkg v 7 [ 0019 U Giie U 5021 U 18 U T8 U 0022 U 0.018 U 0018 U
Arodior 122 11104282 | __maka v 3 R 0019 U 5.019 U G.021_U 0015 U 515 U 0.054 U 0.012_U G619 U
Aracior 1232 11181385 | _makg v 1 NV 5.015 U 0.019 U Tz U 0019 U 515 U 0.024 U .07 U 6.015 U
Araclor 1242 53469249 | _moikg v 1 NV 0.079_U 0019 U 0.021 U 0018 U 0.07% U 0.024 U 5070 U 0.019 U
Arotlor 1248 17672208 | mughg NV 1 v 0016 U 0019 U 5021 U 0019 U i.61e U 0.024_U 8.018 U 0.019 U
Arodior 1254 Ti09769% | m NV 1 N 5.019_ U 0.919 U 5.021_U 0.015 U .07 U 0.024 0 0.019_U 0.019 U
Arodior 1260 11096625 |__matkg W 1 v 5673 0.047 0.00% 0.019 U 0.099_U 024 U G024 0019 U

Table A-3.1
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-Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Joliet, Hlinois

Tler 1 Soll Remadiation § Tler 1 Soll Remediation
. ObJectives for Industrial{ Gbj for Industrial|  sB024 58025 SB025 $B026 sBo2s SB027 sE033 sB034
Paramatar Cas Units | Background (8) i or Ingestion Route |Worker Inhatafion Raufa|  11/872006 11/712006 177/2006 117712008 1712006 111712006 111712006 1mizate
plz Type FD
Sample interval (1-3} {0=0.5) {8 - 10) {0 -0.5) (7 -9} {5.7) 7-9 (0-2)
PCBs
Arodor 1076 T2eT411Z_|__mgkg v 1 W7 0071 U .07 U 072 U BT U 0.022 U 0018 U s U XFHY]
Aroclor 1221 11104282 ?Tlg! ] N b NV ¢.021 U 0.018 U 0.022 U 0.017 U 0,022 1) 0018 U G.028 U .02 U
Arotior 1232 1141165 | mglka v 7 AV 5ozl U 0,018 U 0022 U 0017 U 0033 U 0.018 U 0.028 U 02U
Aroglor 1242 53469219 m_g,'(g vV NV 6.021 U 0, ] 0.022 U 017 U £.022 U 0.018 U 025 U 0.02 LU
Aroclor 1248 12672296 ma/kg V NV 0.021 U 0, 7] 0.022 U 0.0t7 U 0.022 -U 0.018 U gza U 0.02 U
Aroclor 1254 11097691 mghg 'V NV 0621 U 0, [¥] 0.022 U 0.023 0.022 'L 0.018 U .62 U 0.02 U
Araclor 1260 1086825 | mglhg v 1 Y 0,013 J 0.028 0.3 U 0016 J 6035 U 0.015 U 0.028 U Y E

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois

Tier 1 Soll Remadiation | Tier 1 Soil Remediation

P " cid Gids | Bk 4 (a) |[Obiestives for Industrial | Objectives for Industrial SB35 SB036 SB037 SB037 SB038 $B039 SB040 SB041
Arameter ackground {a) |y o yor Ingestion Route |Waorker Inhalation Route | 11/7/2006 11/7/2006 117712006 117712008 11/72006 11/7/2006 117712006 11/7/2006
(b) {b)
Sample Type
Sample Interval 0-2] (55-7.5) (0-0.5 {5-9) 5-9) (7.5-10) 5-9) (0-0.5)

PCBs

Aroclor 1016 12674112 | __mgikg NV 1 NV 0.02 U 0.02 U 0.019 U 0.023_U 0.086_U 0.007_U 0.045 U 0.34 U
Aroclor 1221 11104282 | mgikg NV 1 NV 0.02_U 0.02 U 0.019 U 0.023_U 0.086_U 0.097 U 0.045 U 0.34 U
Aroclor 1232 11141165 | mgikg NV 1 NV 0.02_U 0.02 U 0.019_U 0.023 U 0.086_U 0.097 U 0.045 U 0.34 U
Aroclor 1242 53469219 | mo/kg NV 1 NV, 0.02 U 0.02 U 0.019 U 0.023_U 0.086_U 0,097 U 0.045 U 0.34 U
Aroclor 1248 12672296 | mgikg NV 1 NV 0.02 U 0.02_ U 0.019 U 0.023 U 0.086_U 0.007_U 0.045_U 0.34 U
Arcclor 1254 11097691 mg/kg NV 1 NV 0.02 U 0.02_U 0.019 U 0.023_U 0.086_U 0.087_U 0.045_U 0.34 U
Aroclor 1260 11096825 | mgikg NV 1 NV 0.02 U 0.02 U 0.37 0.093_U 0.36 0.55 0.045 U 3.9

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier ¥ Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Jofiet, lllincis

Tier 1 Soll Remedlation | Tler 1 Soil Remadiation
Objacti for ial| O far SBI# SB04T 58042 SBO043 SB043 S5R044 58045 SB046
Faramater cas Units | Background (2] yy oo Ingostion Rauta |Workor Inhstaflon Route| 117772006 MT2006 | 117402006 | 117612006 11/6/2006 14/6/2006 11612008 111612006
) (i}
ple Type 2]
Sample Interval] — [7.5.8) 75-91 i3 {0-05) E-78 G-75 G55 [0-0.5)
PCBs
Aroctor 1076 2674112 | _moikg WV v 0,096 U o2z U 502 U GO18 U TN 5032 U 0018 U 55T U
Aroclor 1221 04262 |__maikg NV v 0,098 U 027 0.02_U G.018_U 01t U rER Y] 5019 U 0037 U
Arodlor 1232 41165 | _maikg NV vV 0.096 U 535 602 U G.018 U 011 U 0.052 U/ T.016 U 0017 U
Arocior 1242 53489219 mgrkg NV 1 NY 0096 U 0.02z U 0.02 U ¢.018 U 1 U 0.032 U ¢.019 U 0.0t7 U
Aracior 1248 2672296 | _molkg W NV 5.056 U 0,022 U 007 U 2.018_U U 0.032 U £.019 U 0.017 U
Aracior 1254 57691 | kg v Ny 0.056_U 0.022 U .05 U .016 U KER] 0087 U G018 U 5017 U
Aracior 1260 096825 mgfkag NY 0096 U 0,027 U 002 U 0.059 0. 7] 0.032 U ¢.019 U 0.047 U

Table A-31 |
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Jeliet, lllinois

Tler 1 Soil R diation | Tier 1 Soil Remediatl
Parameter CAS Units Background (a) Objectives for Industrial| Objectives for Industrial 5B046 SB047 SB048 SB048 S5B048 S5B049 SBO50 sB101
Worker Ingestion Route |Worker Inhalation Route 11/6/2006 11/6/2006 11/6/2006 11/7/2006 11/6/2006 11/6/2006 11/6/2006 10/1/2007
(b) (b)
Sample Type FD
le Interval (5 -17.5) (5-75) {0-0.5) {0-0.5) (7.5-10) (7.5-10) (4 -5) (5-5.5)
PCBs
Araclor 1016 12674112 mgrkg NV 1 NV 0.019 U 0.022 U 037 U 019 U 0.024 U 0.018 U 0.018 U
Aroclor 1221 11104282 ma/k i 1 NV 0.018 U 0.022 U 0.37 U 018 U 0.024 U 0.018 U 0.018 U
Aroclor 1232 11141165 mgrkg v 1 NV 0.019 U 0.022 U 037 U 0.18 U 0.024 U 0.018 U 0.018 U
Aroclor 1242 53469219 mafkg vV 1 NV 0.018 U 0.022 U 037 U 0.19 U 0.024 U 0.018 U 0.019 L
Aroclor 1248 12672296 mafkg NV 1 NV 0.018 U 0.022 U 037 U 019 U 0.024 U 0.018 U 0.019 U
Aroclor 1254 11097691 mg/kg NV 1 NV 0.018 U 0.022 U 29 0.19 U 0.024 U 0.018 U 0.019 L
Aroclar 1260 110968825 malkg NV 1 NV 0.01¢ U 0.022 U 0.37 U 29 0.024 U 0.018 U 0.019 U

Table A-3.1
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Appendix A-3.1

Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Jeliet, lllinois

Tler 1 Soll Remediation

Tier 1 Soil Remediation

. DObjectives for Industrial| Objectives for Industrial 58102 sB103 sBio4 SB105 SB106 SB107 SB108 SB1GS
Parametar CAS Units | Background (a) [yyq . ar ingestion Route [Worker inhalation Reuta| 101112007 10H/2007 10172007 104412007 107212007 1072007 10/2/2007 10122007
L]
Sampie Type
Interval T5-1.5 {5-6} (3-4) {1-2) -7 (5-8) 5-6) 6-7

PCBs

Aroclor 1016 12674112 mgfkg NV 1 NY
Arocler 1221 11104282 mg/kg NV 1 NV
Arocler 1232 11141165 rnglkg NV 1 NV
Arccler 1242 53469219 mg/kg NV 1 v
Aroglor 1248 12672266 mglkg NV 1 v
Aroclor 1254 11007691 mgitg [\ 1 v
Aroclor 1260 11098825 mafikg NV 1 NV

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soll Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Joliet, llinois

Tier 1 Soil R dlatl Tier 1 SoHR diati
Paramater CAS Units Backaround (a) Ohjectives for Industrial| Objectives for Industrial $B110 SB111 sB112 sB113 SB114 8B115 5B116 SB117
Warkar Ingestion Route {Worker Inhalatlon Route| 107272007 10/1/2007 10/212007 10/2/2007 10/10/2007 10/10/2007 18/10/2007 10/£0/2007
(b} )
ple Type
Sampla interval (6-1) {3.5-2} {6.5-7) {-7) (7 -8.5) {5 - 6.5) (7 -7.5) {6 - 7.5}
PCBs
Aroclor 101 2674112 mofkg NV 1 NV
Aroclor 122 1104282 /iy Ny 1 NV
Aroclor 1232 1141165 ngfkg NV 1 NV
Aroctor 1242 53463219 mgikg NV 1 NV
Aroclor 1245 12672296 mafkg NV 1 NV
Aroclor 1254 11097631 myfkg NV 1 NV
Arocior 1260 11096825 mafkg NV 1 [

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Joliet, lllinois

Tier 1 Soil Remeadiation

Tler 1 Soli Remediation

. ObJectives for Ind Jal; Objectlves for Ind jal sB118 S8119 §B-121 85B-122 SB-123 SB-124 SB-125 SB-126
Paramster cAs Units  § Backgraund (a} | o o Ingestion Route {Worker Inhalation Rowte|  10/10/2007 |  10/10/2007 211112008 21112008 2/4/2008 21112008 2112008 2/11/2008
(b)
Sampie Type
Sampie Interval| {7 - 8.5] (6.5 -8) (8-8) (8-9) (8-12) 8-9} (8-9) E-9)
PCBs
Aroclor 1016 12674112 mgfkg NY NV
Arotlor 1221 11104282 ma‘kg NV NV
Arcolor 1232 11141165 mgikyg NV NV
Arcclor 1242 53469219 mgrkg v NV
Amclor 1248 12672296 mgfkg v [
Arcclor 1254 11097691 mgikg v NV
- 1Araclar 1260 11095825 mgikg v KA

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Seil Analytical Data
Comparison to Tier 4 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Stee! Cerporation

50-acre Joliet Works Facility

Joliet, {llinois

Tier 1 Soll Remediation | Tier 1 Soil Remadlation
. Objectlves for Industrial{ Obfectives for Indusirial 8B-127 SB1E SB1N s828 sSB2w $B3N SGHY 56002
Parameter CAS Units | Background (a) [\ 1 o Ingestion Route |Worker Inhalation Routai  2/11/2008 11/3/2006 111972006 1111012006 11/912006 1AZ006 | 1144412006 | 11M4r2006
L] (b}
Samplo Type
Sample Intarval| A8 T8 EREES] 7] 2} [ ®25-05 | {025-00]
PeEs

Aroctor 1016 12674112 mglkg v NV 0.047 U 0.018 U 0.023 U D018 U 0.022 U 0019 U 0. U
Aracior 1221 11104282 | _mghg v NV 0.077 U D.075 U 5053 U 0.018 U 0.022 U G019 U 6.02 U
Aracior 1233 11147965 | mekeg v NV 0.017 U 0.018 U 5.023_ U 5618 U 0022 U 0.019 U 002 U
Arotior 1242 53460218 | _mgrig v 7 RV B.017_U 5018 U 6023 U 6.018_U 0022 U 0.019_ U 002 U
Aradior 1748 12672296 | _mghkyg NV 1 NV 0.017 U 0.018_U 0.023 U 0.618 U 0022 U 0.019 U G0z U
Arodor 1254 11097681 | maka NV 1 NV B.017 U 0.018 U 0023 U 0018 U 0022 U 0616 U 002 U

rosior 1260 11006825 | moka N 1 NV 0.017_U 0018 U 0023 U .61 U 0622 U 0084 0.033

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Joliet, lllincis

Tier 1 Soil Remediation | Tier 1 Soil Remediation
P " GAS Units Background (a Objectives for Industrial| Objectives for Industrial SG003 sSG004 SG005 SGO06 SG007 sG007 SG008 SGooaw
Sy . o ) | Warker Ingestion Route |Worker Inhalation Route|  11/14/2006 1111412006 111412006 1111412006 1111412006 1114/2006 1111412006 1111412006
b) (b}
Sample Type FD
Sample Interval| (0.25 - 0.5) (0.167 - 0.25) | (0.333 - 0.417) | (0.083 - 0.167) 0.5 0.5 0.5 (0.333 - 0.5)

PCBs
Aroclor 1016 12674112 mgrkg NV 1 NV 0.019 U 0.18 U 0.018 U 0.18 U 0.022 U 0.022 U 0.019 U
Aroclor 1221 11104282 | __mgikg NV 1 NV 0.019 U 0.18_U 0.019_U 0.18 U 0.022 U 0.022 U 0.019 U
Aroclor 1232 19141165 | moka NV 1 NV 0.019_U 0.18 U 0.013_U 0.18 U 0.022_U 0022 U 0.019 U
Aroclor 1242 53469219 markg NV 1 NV 0.019 U 0.18 U 0.019 U 0.18 U 0.022 U 0.022 U 0.019 U
Aroclor 1248 12672206 | _mgikg NV 1 v 0.019 U 051 0.019_U 22 0.022 U 0.022 U 0.019 U
Aroclor 1254 11087691 | maika NV 7 v 0.019 U 0.18_U 0.13 15 0.088 0.026 0.023
Aroclor 1260 11096825 | _mgikg NV 1 v 0.036 2.3 0.082 0.35 0.062 0.072 0.035

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data

Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
5t-acre Joliet Works Facility
Joliet, ilfinois

Tier 1 Soil R dlatlon | Tier 1 Soil tath .
Parametar CAS Unlts Background {a) Objectlves for Industriaf| Objectives for Industrial 5G009 SGO09E SG010 SGOOE SGO1 sG012 SG0f2N 5G0t3
Werker Ingestion Route |Worker Inhalatlon Route |  11/16/2008 1111612006 1111 6/2086 11/16/2006 11115/2006 111512006 1171512006 11/15/2006
() {b)
Sample Type
Sample Interval] {0.25 - 0.333} [0.417 - 0.5) {0.417 - 0.5} | (0.333-0.417) | (0.167-0.26) | (0.25-0.333) | (0.167-0.25) | (0.417 - 0.583)
PCBs
Aroclor 1016 2674112 mgikg NV 1 AV 0.017 U 0,035 .U 0.018 U 0.018 U o.0z U
Aroclor 1221 1104282 mafky Nv 1 v 0.017 U 0,035 U 0.018 U 0018 U c.02 U
Aroclor 1232 1141165 | mokg Ny 1 NV 0.017 U 0.035 U 0.018_U 0018 U 6.0z U
Aroclor 1242 53469219 makg Nv 1 NV 0.017 U 0.035 U 0.032 0.04% 6.02 U
Aroclor 1248 12672296 mgikg Ny 1 Ny 0.017_U 0.39 0.018 U 0.018 U 0.02 U
Aroclor 1254 097691 mgrk: NV 1 NV £.017 U 0.035 U 0.06 £.031 0.040
Aroclor 1260 1096825 makg NV 1 NV 0.02 0.035 L 0.045 0.018_J Q.06
Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soif Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Joliet, lllinois

Tier 1 Solf Remediation: | Tier 1 Soll Remediation
Objectives for Industrial| Objectives for Industrial 56013 5G014 S5G015 SGMMSE SGME6 SGo016W 5G017 5G01T
Peramater CAS Units | Background (a} |y cgr Ingestion Route {Worker Inhalation Rowle| 117152008 | 114512006 | 4152006 | 11AS2006 | 11M5/2006 | 11/16/2008 | 11/15/2006 | 111502008
(b} (1)
Sampte Type FD | FD
Sampie intorval| (0.417 -0.583} | {0.25-0.333) [ (0.25-0.417) (0.167 - 0.25) | {0.25-0.333) | (0.167 - 0.25] {0.25=-0.333) | {0.25.0.333)
PCBs
Aroclor 1016 12674112 mgikg NV 1 NV 0.8 U ¢.091 U 0.018 U 0.017 U 0018 U 0.016 U
Aroclor 1221 11104282 mg'kg Ny 1 NV 0418 U c.0s1 U 0.018 U 0.047 U 0.018 U 0.8 U
Aroclor 1232 11141185 mg/kg NV 1 NV 0.018 U 0.081 U o.018 U 0.017 U 0.018 U 0.018 U
Aroclor 1242 53469219 matkg NV NV 0018 U 0.081 U 0.018 J 00f7 U 0.018 U 0.018 U
Araclor 1248 12672256 mglkg NV NV 0.018 U 0081 U a.o18 U 0,017 U ¢.018 U 0.018 U
Arcelor 1254 11097631 maikg NV NV 0.031 0.29 0.06 0.0¢7 U 0.0M8 U 0.0t8 U
Aroclor 1260 11096825 myfkg NY 1 NV 0.038 0.3 C.077 0.017 U 0.032 0.023
Tahie A-3,1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Scil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Joliet, lllinois

Tier 1 Soil Remediation | Tier 1 Soil Remediation
Parameler CAS Units Background () ObJectives for Industrial| Objectives for Industrial 5G018 SG0185 5G019 S5G019 SGO019E SG020 5G021 SG021IN
Workar Ingestion Route |Worker Inhalatlon Route| 11/15/2008 11/15{2006 11/16/2006 11/16/2006 11/16/2006 11/16/2006 11/16/2006 11/16/2006
(B) (b)
Sample Type FD
Sample Interval | (0.167 - 0.25) | {0.333 - 0.417) | (0.167 -0.25) | (D.167-0.25) | (0-167-0.28) | (0.333 -0.417] | (0.25-0.333) | (0.083 - 0.167)

PCBs
Aroclor 1016 2674112 mg/kg NV 1 NV 0.021 U 019 U 0 U 0.018 U 0.83 U
Aroclor 1221 1104282 ma/kg NV 1 NV 0.021 U 019 U ] [ 0.018 U 093 U
Aroclor 1232 1141165 mglkg | NV 1 NV 0.021 U 019 U 0. Y] 0.018 U 093 U
Aroclor 1242 53469219 ma/kg NV 1 v 0.021 U 019 U 0.039 U 0.018 U .93 U
Aroclor 1248 12672286 malkg NV 1 NV 0.021 U 019 U 0.039 U 0.0 U 93 U
Aroclor 1254 11097691 malkg NV 1 NV 0.021 U 019 U 0.039 U 0.0 U .93 U
Aroclor 1260 11096825 mglkg NV 1 NV 0.077 0.8 0.2 0.071 T

Table A-3.1
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Appendix A-3.1
Tahle A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil iIngestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facllity
Joliet, lllinois

Tler 1 S0l Remedlation | Tler 1 Sall Remediation
Parameter cAS Unlts Backgroand (2) ObJectives for industrial | ObJectives for Industrial 56022 56023 SGO23E SG0O24 5G025 SGO25N 55026 SG026W
Workar Ingestlon Routs |Worker inhalatlon Route|  11/16/2006 117162006 11/16/2006 11/16/2006 11162006 11/16/2006 11/16/2008 11/16/2006
L) ]
Sample Typa
Sample Intervalj {0.25-0.333) | (0.25-0.333) | (0.25-0.333) [ (0.333.0.417)} | (0.25-0.333) | (0.167-0.25) [ (0.08-0.167) | (6.167 -0.25) |
PCBs
Arocler 1015 12674112 mgig V 1 Ny U 002 U 0. 1] 0.0 U 9.018 U
Arodlor 1221 11104282 markg V 1 Ny X u 002 U [} u 0.091 .U 0.018 U
Aroclor 1232 11149166 myfg v 1 NV .01¢ U 002 U [{) U 0.0 U 0.018 U
Aroclor 1242 53469218 ma/kg v 1 NV 18 U 002 U 8.02 U 0.091 .U 0. U
Arocior 1248 12672296 mglkg v 1 NV .01¢ U 0.02 U 0.02 U 0.091 U 0.018 U
Avroclor 1254 11097681 mglkg Vi 1 NV .018 U 0.02 U 0.02 U 0.091 U 0. U
Aroclor 1260 11096825 maglkg NV 1 NV 0.013 Jd 012 0.8 J 0.37 0017 J

Tabie A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois

Tier 1 Soil Remediation | Tier 1 Scil Remediation
e cAS Units Background () Objectives for Industrial| Objectives for Industrial SG101 56102 SG103 SG104 SG105 SG106 SG106 SG107
Worker Ingestion Route |Worker Inhalation Route 10/2/2007 10/1/2007 10/12007 10/1/2007 10/4/2007 10/2/2007 10/2f2007 10/1/2007
{b) ()
Sample Type
Sample Interval (2) (0-0.5) {0 - 0.5) (0 - 0.5) (0 -0.5) (2) (3) (0 - 0.5)
PCBs
Aroclor 1016 2674112 malkg NV 1 NV 0017 U .082 U 0018 U 0.017 U 0.018 U 017 U 0.17 U 36 U
Aroclor 1221 04282 mag/kg NV 1 NV 0017 U .092 U 0,018 U 0.017 U 0.018 U 047 U 0.17 U 3.6 U
Aroclor 1232 11141165 mglkg NV 1 NV 0.017 U 1092 U 0018 U 0.017_ U 0.018 U 0.17 U 0.17 U 36 U
Aroclor 1242 53469219 mglkg NV 1 NV 0.017 U 0.092 U 0.018 U 0.017_ U 0.018 U 017 U 0.17 U 36 U
Aroclor 1248 12672286 malkg NV 1 NV 0.017 U 0.092 U 0.0 0.088 0.158 3.4 2.6 3B
Aroclor 1254 11097691 malkg NV 1 NV 0.048 0.082 U 0.018 U 0.2 0.018 U 017 U 0.17_U 36 U
Araclor 1260 11096825 mg/kg NV 1 NV 0.047 1.7 0.082 0.11 0.27 0.65 0.57 34 J

Table A-3.1
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Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data
Comparison to Tier 1 Seil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility

Joliet, lllinois

Tier 1 Soll Remediation | Tler 1 Soil Remediation
i CAS Units Background (a) Objectives for Industrial | Objectives for Industrlal sG108 SG109 sSG110 s5G111 SG112 5G113 5G114 SG116
Worker Ingestion Route [Worker Inhalation Route 10/1/2007 10/1/2007 1011/2007 101212007 10/2/2007 10/2/12007 10/2/2007 10/2/2007
{b)
Sample Type
le Interval (0 - 0.5) {0 -0.5] 0 - 0.5] (2) (0 - 0.5) {0-0.5) (0 - 0.5) {0 -0.5)
PCBs
Arocler 1016 12674112 ma/kg NV 1 NV 0.088 U 017 U 0.18 U 0.018 U 0.086 U 0.033 U 0.086 U 01 U
Aroclor 1221 11104282 ma/kg NV 1 NV 0:089 U 017 U 018 U 0.018 U 0.086 U 0.033 U 0.096 U 01 U
Arocler 1232 11141165 mg/kg NV 1 NV 0.088 U 017 U 018 U 0.018 U 0.086 U 0.033 U 0.086 U 01 U
Aroclor 1242 53469219 mglkg + NV 1 NV 0.08¢ U 017 U 0.18 U 0.018 U 0.086 U 0.033 U 0.096 U 01 U
Aroclor 1248 12672296 mglikg NV 1 NV 0.52 2 3.4 0.018 U 0.086 U 0.033 U 0.096 U 0.1 U
Aroclor 1254 11097691 ma/kg NV 1 NV 0.082 U 017 U 018 U 0.018 L 0.086 U 0.033 U 0.096 U 01 U
Aroclor 1260 11096825 mglkg NV 1 NV 0.14 0.46 0.39 0.015 J 0.77 0.39 1.4 0.15

Table A-3.1
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Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Appendix A-3.1
Table A-3.1

Summary of CEC Soil Analytical Data

Former Birmingham Steel Corporation
50-acre Joliet Works Facility

Joliet,

Illinois

Tler 1 Soll Remedlatlon

Tler 1 Soll Remediation

Parameter CAS Units Background (a) Dbjectives for Industrial| Objectives for Industrial SG116 5G117 sSG118 sG11% S5G120
‘Worker Ingestion Route |Warker Inhalation Route 10/2/2007 10/2/2007 10/2/2007 10/2/2007 10/2/2007
(b) (b)
Sample Type
Sample Interval (2.5) (0 - 0.5) (0-0.5) (0-0.5) (0-0.5)

PCBs
Aroclor 1016 12674112 mafka NV 1 NV 0.019 U 0.017 U 0.036 U 035 U Q. u
Araclor 1221 11104282 mgrkg NV 1 NV 0.019 U 0.017 U 0.036 U 035 U 0. u
Aroclor 1232 11141165 ma/kg NV 1 NV 0.019 U 0.017 U 0.036_U 0.35 U 0. u
Aroclor 1242 53469219 markg NV 1 4 0.019 U 0.017 U 0.036 U 035 U 012 U
Aroclor 1248 12672296 mgfkg Ny 1 NV 0.019 U 0.017 U 0.23 0.35 U
Aroclor 1264 11097691 mglkg NV 1 NV 0.018 U 0.16 0.52 6.6 0.19 U
Aroclor 1260 11096825 magfkg NV 1 NV 0.019 U 0.24 0.39 25 15

Table A-3.1
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Appendix A-3.1
Table A-3.1 Notes

Summary of GEC Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois
Notes:
All units are In milligram per kilogram (mg/kg)
{a) Background values are based on concentrations of constituents in soil in counties within metropolitan statistical areas of lllinois (Appendix A of TACO, Tables G and H) (IPCB, 2013).
{b) Industrial Worker soil remediation objectives are based on values provided in the Tiered Approach to Corrective Action Objectives (TACO) - Appendix B, Table B (IPCB, 2013).
NV: No Value
FD: Field Duplicate Sample

Parameter Groups

SVOCs: Semi-volatile Organic Compounds
PCBs: Palychlarinated Biphenyls

VOCs: Volatile Organic Compounds

Qualifiers

J: The associated numerical value is an estimated quantity.

U: The chemical was analyzed far, but not detected. The assaciated numerical value is the reporting limit.
R: Rejected data

Bold typef: and no

q ind a chemical was not detected, but Its reporting limit exceeds the Tier 1 soil remediation objectives for the Industrial Worker for at least one exposure route.
Yellow shading indicates detected concentration exceeds the Tier 1 soll remediation objectives for the Industrial Waorker for the Ingestion exposure route.

Green shading indicates detected concentration exceeds the Tier 1 soll remediation objectives for the IndustrialWorker for the inhalation expasure route.

Blue shading indicates detected concentration exceeds the Tier 1 soil remediation objectives for the Industrial Warker for both the ingestion and inhalation exposure routes.

Table A-3.1 Notes
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Appendix A-3.2
Table A-3.2

Summary of CEC Groundwater Analytical Data
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route

Former Birmingham Steal Corporation
50-acre Joliet Works Facility
Joliet, lilinois

paramater Units T"";‘Lg::‘;:tf;“‘e' MW-101D MW-101D MW-1015 MW-101S MW-1015 MW-102D MW-102D MW-1025 MW-1025 MW-1025 MW-1035 MW-1035
F 212012008 5/B/2008 107222007 21202008 5/8/2008 272112008 51212008 10/2312007 w26/2008 5/072008 10/2512007 2(25/2008
Objectlve {Class 1)
Sample Type
PCBs _
Aroclor-1016 gL 0.0005 ¢.go05 U 000051 U 0.00048 U 0.00051_U 0.00053 U 0.0005 U 000058 U 0.00045 U 0.00053 U 008851 U 0.00048 U 0.00049 U
Arodlor1227 it 0.0005 G005 051 U ] 000048 U | 0.00051 U | 0.00053 U 0.0005_U 0.0005 U | 0.00049 U | 0.00053 U | 0.00051 U | 0.00046 U | 000045 U |
Aroclor- 2 mﬂ. 0.0005 L0005 U 151 U 0.00049 U 0.00051 U 0.00053 U 0.0005 U 00005 U 2.00048 U 0.00053 - U 0.00851 U 0.00049 U £,00042 L)
Arocior-134% mgr 0.0005 0605 U 00081 U | 000049 U 00051_U 00053 _U 0.0005 U 0.0005 U ~~"6.00049 U1 00053 U 51 U 000048 U | 000048 U
Aroclar-1248 marL 0.0008 0.0005 U | 0.00051 U | 000049 1) 0005 00053 U D.0005 U 0.0005 U | 0.00049 U 00053 4 51U 0.00049_U_|___ 000049 U
Arodlor-1254 maiL 0.C005 0.0005_U 00051 U | 0.00049 1) 00051\ 00053 U 0.0005_U 00005 U | 0.00049 U 00053 U 00051 U 0.00645 U | 000049 U
Aroclor-1260 IY_)_g_fL 0.0005 0.0005 U 650051 U 0.00049 U 04.00051 U 0.00053 U o.00058 U 0.0006 U 0.00048 0 0.00053 - U 000051 U 0.00049 U £.00049 U
F‘nlzchlnrinated biEth!ls.TDtﬂ _mg_fL 0.0005 00051 U 0.00053 U 00005 U 0.00051 U
Table A-3.2
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Summary of CEC Groundwater Analytical Data

Appendix A-3.2
Table A-3.2

Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois

maramater oo T'”;ﬂ:::i';f:;“‘" MW-103S MW-103S MW-104D MW-104D MW-104D MW-104S MW-1045 MW-1045 MW-1055 MW-1055 MW-1055 MW-1055
F 2/252008 5/8/2008 2/21/2008 59/2008 5/9/2008 1072312007 2/25/2008 5/9/2008 1012312007 1012312007 211912008 5/7/2008
Objective (Class I)
Sample Type FD FD ED

PCBs

Aroclor-1076 gl 0.0005 00047 U | 0.00051 U | 0.00048 U 0.0005_U .00052_U 0.0006 U 0.0005 U 0.00051 U | 0.00047 U 0.0005 U 0.00048 U 0.0005_U
Arodlor-1221 mgiL 0.0005 0.00047 U | __0.00051_U_|___0.00045_U 0.0005 U 0.00052_U 0.0006_U 0.0005_U 0.00051_U | __0.00047_U 0.0005_U 0.00048_U 0.0005 U
Arodlor-1232 mgiL 0.0005 0.00047 U | __0.00051 U | 0.00048 U 7.0005_U 0.00052 U 0.0006 U 0.0005 U 0.00051_U_|__0.00047_U 0.0005 U 0.00048_U 0.0005_U
Aroclor-1242 ML 5.0005 0.00047 U | 0.00051 U | __0.00077 0.00028_J 0.00018_J 0.0006_U 0.0005 U 0.00051 U | 0.00047 U 0.0005_U 0.00048_U 0.0005 U
Aroclor-1248 mg/L 0.0005 0.00047 U 0.00051 U 0.00048 U 0.0005 U 0.00052 U 0.04 U 0.0005 U 0.00051_ U 0.00047 U 0.0006 U 0.00048 U 0.0005 U
Aroclor-1354 mgiL 0.0005 0.00047 U | __0.00051 U | __0.00048 U 0.0006 U | 0.00052 U 0.0006_U 0.0005 U 0.00051 U | __0.00047 U 00005 U 0.00048 U 0.0005 U
Aroclor-1260 gl 0.0005 0.00047 U | __0.00051 U | 0.00048 U 0.0005 U 0.00052_U 0.0006 U 0.0005 U 0.00051 U | 0.00047 U 00005 U 0.00048 U 0.0005 U
Palychlorinated biphenyls, Total mg/L 0.0005 0.00051 U 0.00029 J 0.00018 J 0.00051 U 0.0005 U

Table A-3.2
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Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route

Appendix A-32

Table A-3.2

Summary of CEC Groundwater Analytical Data

Former Birmingham Steel Corporation

50-acre Jollet Works Facility

Joliet, lllinois

paramater Unts | sroundwater!  mw.10ss MW-1075 MW-1075 NW-107S Mw-2 -2 MW-3 MW-3 MW-3 MW-1D MWD
sri2008 1072372007 2120/2008 5/512008 212512008 51712008 10/23/2007 212612008 57772008 212112008 511312008
Ohbjactive (Class ()
Sarmple Type Fb
PCBs
Aroclor-1016 EE_I‘L £.0005 $.00051 U 0.00047 U 0.00048 U 0.00048 U ¢.00049 U 0.0068 U 0.0006 U 0.0005 U 0.00047 U 0.00049 U 0005 ]
Aroclor-1221 ML 0.0005 $.00051 U 0,00047 U 0.00248 U 0.00048 U 0.00049 U 0.0008 U 0.0005 U 0.0005 o 0.00047 U 0.00049 U 0005 _J_
Aroclor-1232 mgfL. 0.0005 0.00051 U 0.00047 U 000046 U 0.coods U 0.00049 U 0.0005 LU 0.0005 L 0.00056 U (.00047 U 0.00049 U .0005 _J_
Aroglor-1242 mgfl 0.0005 00051 U 0.00047 U 0.00046 U 0.00048 U 0.00049 U 0.0005 U 0.0005 U 0,0005 U ¢.00047 U 000049 U 00052 U
Aroclor 1246 maiL 0.0005 06051 U | 0.00047 17 | 0.00045 U | 0.00048 U | _0.00049 U] __0,0005 U 0.0005_U 0.0005 U | G.00047 U | 0.00049 U | 0.00052 U
Aroclor1254 mgiL 0.0005 10| 0.00047 U | 0.00046 | 0.00048 U | 0.60045 U] 5.0005 U 0.0005 1 0.0005 U 00047 U | 0.00048 U | 0.00052 U
Aracler-1260 l"lgf. 005 10 0.08047 U 0,00046 U 0.00048 U 0.00049 U 0.0005 U 0.0005 U 0.0005 U L0047 U 0.00048 U f.00052 U
Polychiorinated Biphenyls, Total | moil 0.0005 1 U 0,00045_U 0.0005 1 £.00047_U 0.00052 U

Table A-3.2
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Appendix A-3.2
Table A-3.2 Notes

Summary of CEC Groundwater Analytical Data
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois

Notas:
FD: Field Duplicate
NV: No Value

Parameter Groups
PCBs: Polychlorinated Biphenyls

SVOCs: Semi-volatile Organic Compounds
VOCs: Volatile Organic Compounds

Quallfiers

B: Analyte was detected in the blank sample.

J: The associated numerical value Is an estimated quantity.

U: The chemical was analyzed for, but not detected. The associated numerical value is the reporting limit.

Bold typeface and no shading indicates a chemical was not detected, but its reporting limit exceeds the Tier 1 Groundwater Remedlation Objective.

Yellow shading indicates detected concentration exceeds the Tier 1 Groundwater Remediation Objective.

Table A-3.2 Notes
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Summary of URS Groundwater Analytical Data

Appendix A-4

Table A-4

Comparlson to Groundwater Component of the Groundwater Ingestion Exposure Route

Former Birmingham Steel Corporation
50-acre Jollet Works Facility
Jofiet, lllinois

Peramator Units Tier 1 Groundwater | mw.101D MW-101D MW-101D BW-1015 MW-102D w1020 MW-1025 MW-103s MW-104D MW-104D MW-1045 MW-1655
12/2/2008 310/2009 3102009 12/3/2008 12/2/2008 2102008 121272008 121312008 121212008 3/10/2009 12/312008 121312008
Objective (Class )
Sample Type FD
PCBs
Aroclor 1016 gl 00065 000047 1 .00047 U 5.00047 U o647 U C0004E 1 00057 0 506048 _U o0a7 U 556547 U G007 U G.E0048_ 1) T.50047 U
Aroclor1221 maiL 0.0005 0.00047 U 0.60047_U 0.00047 U G.00047_U G.00048 U 6.00047 U 0.00045 U .00047 U 0.00047_U 6.00047 U 0.00048 U ©.00047_U
Arocter-1232 gL 0.0005 0.00047 U 0.00047 U 0.60047 U 00047 U 0.00048 U £.00047 U 5.00048 U 0.00047_U G.00047_U 0.00047 U 0.00045 U 0.00047 U
Arocior1742 il 0.0005 0.00047_U 0.00047_U 0.00047 1] C.00047 U C.00048 U ©.00047_U 5.00048_U T.00047 U 0.00047 U 00047 U T.00048_U 0.00047 U
Arocior-1248 mofl. 0.0005 .00047 U 0.60047 U 0.00047 U 0.00047 U 0.00048 L 0.00047 U 0.00048 U g.00047 U g.00047 U 0.00626_J 0.00048 U 0.00047 L)
Arodior 264 mgiL 0.0005 00027 U 0.00047_U 0.00047 U ©.00047 U £.00045 U B.00047 U 0.00048 U ©.00047_U ©.00047 U T.0047 U 000048 U 0.00047 U
Arotior-iz60 gL B.0005 60047 U 0.00047 U 0.00047 U t.00047 U 5.00048 U G.00047 U 0.00045 U ©.00047 U ©.00047 U C5o047 U B.00043 U 0.00047_U
Folychlorinated biphenyls, Total | mg/L 0.6005 0.00647 U 0.00047_U 0.00047 1 G.00047_U G.00045_U 0.00047 U 0.00048 U 0.00047 U ©.00047_U 0.00026_J B.00048_U 0.00047 U
Table A4
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Appendix A-4
Table A-4

Summary of URS Groundwater Analytical Data
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, Winois

Tler 1 Groundwater
MW-107S MW-4D MW-4D MW-AD MW-7015 MW-7018 MW-7025 MW-T038
Parameter Units Remadlatlon MW-4  12/2/2008
Objactive (Class 1) 12/3/2008 12/2/2008 121212008 31102009 12{3/2008 12/3/2008 12312008 12/3/2008
Samgpile Type FD D

PCBs -
Arotlar-101 mg/L 0.0005 0.00047 U 0.00047 U 0.00048_ U 0.00047 U 0.00047 UJ 0.00048 U 0.00048 U 0.00047 U 0.00047 U
Araglor-122 mgfl 0.0005 0,00047 U 0.00047 U 0.00048 U 0.00047 U 0.00047 U 0.00048 L 0.00048 U 0.00047 U 00047 U
Arocfor-1232 ma/l 0,0005 0.03047 U 0.00047 U 0.00048 U 0.00047 U 0.00047 U 0.00048 L 0.00048 7 0.00047 U .00047 U
|Aroclor-1242 mgfl. 0.0005 0.00047 U 0.00047 1) 0.00048 U 0.00047 U £.00047 U 0.00048 U 0.00048 U 0.00047 L) .00047 U
Aroclor-1248 mgfl 0.0005 0,00047 U 0.00047 U 0.00048 U 0.06047 U 0.00047 U 0.00048 U 0.00048 U 0.00047 U 0.00847 U
Arocior-1254 mgiL 0.0005 0.00047 U 0.00047 U 0.00048 U 0.00047 U 0.00047 U 0.00045 U 0.00048 U 0.00047_ U f.00047 U
Aroclor-1260 mail. 0.0005 0.00047 U 0.00047 U 0.00048 U 0.00047 U 0.60047 U C.00048 U 0.00048 U 0.00047 U 0.00047 U
Polychlcrinated biphanyls, Total | mg/L 0.0005 0.00047 U 0.00047 U 000048 L 0.00047 U 000047 U 00048 U 000048 U 0.00047 0.00047 U

Table A4
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Appendix A-4
Table A-4 Notes

Summary of URS Groundwater Analytical Data
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois
Nofes:

FD: Field Duplicate
NV: No Value

Parameter Groups

PCBs: Polychlorinated Biphenyls

SVOGs: Semi-volatile Organic Compounds
VOCs: Volatile Organic Compounds

Qualifiers
J: The assoclated numerical value is an estimated quantity.
U: The chemical was analyzed for, but not detected, The assoclated numerical value Is the reporting limit.

a chemical was not det

Bold typeface and no shading I ted, but its reporting limit exceeds the Tier 1 Groundwater Remediation Objective.

Yallow shading indicates detected concentration exceeds the Tler 1 Groundwater Remediation Objective,

Table A-4 Notes
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Appendix A-5.1
Table A-5.1

Summary of URS Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lfllinois

Tier 1 Soll Remadiation Tler 1 Soll Remedlation
SB201-SB-01- | SB201-6B.02- | SB201.55- | SR202-58-01- | SB202-SB-012- | SB202-55- | SB203-SB-H-
i for | lat i
Parameter Units | Background (a) | Oblectives for industrial | Oblectives for Industrial | 4404991 04042013 04042013 04042012 04042013 04042013 04042013
Worker Ingestion Route Worker Inhalation Route
Sample Type
Samplo Intorval] 1.5 - 2.5] {5.6-6.5) [6-0.5) (1.5-2.5 (5.5-65) 8-05) (525
PCBs
Araclor 1616 i NV 1 W 0019 U 0018 U 0018 U 002 U 502 U 0.019 U 002 U
Arocler 1221 makg NV 1 NV 0,019 U 0.018_U 0.018 U 0.0z U 0.0z U 0.018 U 002 U
Aroclor 1232 maikg NV 1 NV D018 U 0.019 U 0418 U .02 U 002 U 0.518 U .02 U
Aroclor 1242 maikg NV i NV 0.018_U 0,019 U 0018 U .02 U 0.02 U 6.018_U 0.02 U
Aroclar 1248 makg [0 1 NV 0.015 U 0413 U 0.018_U 0.0z U 002 U 0.019 U 007 U
Aroclor 1264 markg RV 1 NV 6.018 U 0019 U 0018 U .02 0.028 0019 U 0.02 U
Aroclar 1260 maikg NV i RV 0.018 UJ 0.018 UJ ©.018 UJ 0028 0.032 3 0.519 UJ 0.097 2
Palychiorinated biphenys, Tota makg TNV 1 NV 0.07%_U 0.019 U 0.018_U 0.045 0,058 0019 U B.091
Table A-5.1
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Appendix A-5.1
Table A-5.1

Summary of URS Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation

50-acre Joliet Works Facility
Joliet, lllinois

Tler 1 Solt Remediation Tier 1 Soll Remediation
58203-58-02- SB203-58- SB205-58-01- SB205.58- SB206-SB-0t- | SB206-5B-02- 5B206-55-
Parameter Units } Background (a) | Objectives for Industrial Objectives for industrial
04042013 04042013 0404201
: Worker Ingestion Route ™ | Worker Inhalation Route ™ 3 04042013 04042013 b4042013 404203
Sample Type
Sample Interval (3.5 -4.5) (0-0.5) {1.5-2.5 {0-0.5) {t.5-2.8) {3.5- 4.5} (D - 0.5)
PCBs
Arocior 1016 mg/kg NV 1 NV 0.02 U 0.018 U 0.02 U 0.018 U 0018 U 0019 0.018 U
Arocior 1221 myg/kg NV 1 NV 002 U 0018 U 00z U 0.018 U 0.018 U 0.019 4 0.8 U
Arcclor 1232 mg/kg NV 1 NV 002 U 0.018 U 0.02 U 0.018 U 8.018 U 0.019 & 0018 U
Argclor 1242 mglkg NV 1 NV 002 U 0.019 U 0.02 U 0.018 U 2.018 U 0.019 U 0.018 U
Araclor 1248 mag/kg NV 1 NV 002 U 0.012 U o0z u 0.018 U 8.018 U 0.019 U 0.018 U
Arcclor 1254 ma/kg NV 1 NV 002 4 0018 U 0.02 U 0.018 U 2018 U 0.019 U C.16
Araclor 1260 malkg NV 1 NV 0.02 W 012 J 002 W 0.07 J 0.018 it 0.018 UJ 01 J
Polychlorinated biphenyls, Tofal mg/kg NV 1 NV 002 U 8.12 002 U 0.07 0.0t8 U 0,019 U 0.26
Table A-5.1
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Appendix A-5.1
Table A-5.1

Summary of URS Soil Analytical Data
Comparison te Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois

Tier 1 Soil Remediation Tier 1 Soil Remediation
Worker Ingestion Route ™ | Werker Inhalation Route *
Sample Type FD

Sample Interval| (1.5 - 2.5) 4.5-55) (0 -0.5) (1.5 - 2.5) (3.5 -4.5) (0 -0.5) {0-0.5)
PCBs
Aroclor 1016 mg/kg NV 1 NV 0.18 U 0.018 U 44 U 0.019 U 0.018 U 0.018 U 0019 U
Araclor 1221 mg/kg NV 1 NV 0.18 U 0.018 U 44 U 0.019 U 0.018 U 0.018 U 0.019 U
Aroclor 1232 mg/kg NV 1 NV 0.18 U 0.018 U 44 U 0.019 U 0.018 U 0.018 U 0.019 U
Aroclor 1242 malkg NV 1 NV 0.18 U 0.018 U 44 U 0.019 U 0.018 U 0.018 U 0.019 U
Aroclor 1248 mafkg NV 1 NV 1.9 0.018 U 450 0.019 U 0.018 U 0.018 U 0.019 U
Aroclor 1254 markg NV 1 NV 0.4 0.018 U 100 0.015 J 0.018 U 0.015 J 0.019
Aroclor 1260 matkg NV 1 NV 0.17 _J 0.018 UJ 35 J 0.023 J 0.018 WJ 0.024 J 0.039 J
Polychlorinated biphenyls, Total mglkg NV 1 NV 24 0.018 U 585 0.041 0.018 U 0.039 0.056

Table A-5.1
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Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Appendix A-5.%
Table A-5.1

Summary of URS Soil Analytical Data

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, Minois

Tier 1 Soli Remedlation Tler 1 Soil Remediation
$B209-8B-01- | SB209-8B-M- | SB20%-5B-02- | SB209-S5- $B8210-58-01- | SB210-SB-02- SB210-55-
lal
Parameter Unlts | Background (a) | Objectives fo_r Induslrfa[lb) Oblactives for Industr am 04082013 04082013 04082013 04082013 24082013 04082013 04082013
Worker ingestion Route Worker Inhalation Routs
Sample Typs FD
Sampls interval|__ (1.5 - 2.5) (1.5 - 2.5) (2.5 - 3.5) (0-0.5) {1.5- 2.5 (25-3.5) (0 - 0.5}
PCBs
Aroclor 1016 mafkg Ny 1 NV 0.018 U 0.017 U 0.018 U 0.018 U 0.019 U 0.02 U 0.047 U
Aroclor 1221 mgikg NV 1 NV 0.018 U 0.0i7 U 0.018 U 2.0913 U 0.01¢ U 0.02 U 0.0i7 U
Araclor 1232 mg/kg NV 3 NV 0.018 U 0.0t7 U 0.018 U 0.018 U 0.01¢ U 0.02 U 0.0i7 U
Aroglor 1242 mg/kg NV 5 NV 0.018 U 0.017 U 0.019 U 0.018 U 0.019 U 0.02 U 0.097 U
Araclor 1248 markg NV i NV 0.018 U 0.017 U 0019 U 0.0t8 U 0.01¢ U 0.02 U 0.072
Aroclor 1254 ma/kg NV ] NV 0.018 U 0.017 U 0019 U 0.018 U 0.01¢ U 0.02 U 0.012 J
Aroclor 1260 mg/kg NV 1 NV 0.018 UJ 0.017 WJ 0.018 WJ 0.018 UJ 0.019 tJJ 0.02 9J 0.017 WJ
Polychlorinated biphenyls, Total ma'ka NV 1 NV 0.018 U 0.097 UJ 0.018 UJ 0.018 UJ 0.019 UJ 0.02 Ud 0.083
Table A-5.1
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Appendix A-5.1
Table A-5.1

Summary of URS Soil Analytical Data
Comparison to Tier {1 Sail Ingestion and Inhalation Exposure Route for the industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, Nlinois

Tier 1 Soil Remedtation ‘Fler 1 Soil Remediation
S$B211-SB-01- | SB211-5B-02- SBZ211-58- 5B8212-5B-01- | SB212-SB-02- SB212-55- 5B212-55-
by
Parameter Units | Background (a) | Oblectives for Industrial | _Objectivas for Industrlal | ™ 5y015 04052013 04052013 04052013 04052013 04052013 04052013
Worker Ingestion Route Worker Inhalation Route
Sample Type D
Sample Intarval] (1.5 - 2.5} (4.5 - 5.5) {6 - 0.5) (1.5-2.5) {4.5-5.5) (0-0.5] {0 0.5)
PLCBs
Arocior 1016 mglkg NV 1 NV 0.017_U 0018 U 0.017 U G019 U 0.02 U 0.019 U 0019 U
Aroclor 1221 mglig NV 1 NV 0.017 U 0.018 U 0.017 U c.019 U 0.02 U 0.019 U 0019 U
Aroclor 1232 malkg NV 1 NV 0.017 U 0.016 U 0.017 U 0.019 U 0.02 U 0.019 Y 0018 U
Aroclor 1242 mgfkg Ny t NV 0.0%7 1 0.018 U 0.017 U 0.018 U 0.02 U 0019 U £8.019 U
Aroclor 1248 mgikg NV 1 NV 0.017 U 0.018 U 0.017 U 0.019 U 0.02 U 0.019 U 0.019 U
Aroclor 1254 mafleg NV 1 NV 0.017 U 0.018 U 0.025 2.018 U 0.02 U 0.018 U 0.043 J
Araplor 1260 mg/kg NV 1 NV 0.047 W) 0.018 Ud 0028 J 0.019 UJ 0.02 UJ 038 J 0.021 J
Polychlorinated biphenyls, Total mglkg NV 1 NV 0.017 U 0.018 U 0.052 0.018 U 0.02 U 039 J 0.034 J
Table A-5.1
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Appendix A-5.1
Table A-5.1

Summary of URS Soil Analytical Data

Comparison to Tier 1 Soil Ingestion and Inhalation Expesure Route for the Industrial Worker

Former Birmingham Stee! Corporation

50-acre Joliet Works Facility
Joliet, iMlinois

Tier 1 Soll Remediation Tler 1 Soil Remadiation
ER213-5B-01- | S5B213-55- | 5B214-9B-01- | 5B214-58-01- | SB214-58-02- | SH214-.85. | 5B215-5B-01-
ndustrial Objectives for Industrial
Farameter Units | Background (2) | Objectives for Industrlal Joctives for Industrial | "o 02013 04042013 04042013 04042013 04042013 | 04042013 04052012
Worker Ingestion Route Workar Inhalation Route
Sample Type FD
Sample Interval] (1.5 -2.5) {0-0.5) (1.5 - 2.5) (1.6-2.5) (3.5 - 4.5) 0-0.5 (1.5 - 2.5)
PLAs
Arcclor 1016 mg/kg NV 1 NV 0.021 U 0.029 U 0.0 U 0.01¢ U 9.018 U 0,019 U 0017 U
Arcclor 1221 rg/kg NV 1 NV g.021 U 0.021 U 0.018 U a.me U 0.019 L 0.018 U 0.017 U
Araclor 1232 malkg Ny 1 Ny 0.021 U 0.021 U 0.018 U 0.016 U $.019 U 0.01¢ U 0.017 U
Araclor 1242 mg/kg NV 1 MV 0.021 U 0.021 U 0.018 U 0018 U 0.019 U 0.019 U G017 U
Aroclor 1248 ma/kg NV 1 NV 0.021 U 0.021 U 0.0158 U 0.018 U 0.019 U 0.019 U 0.06
Araclor 1264 mg/kg NV 1 NV 0.021 U 0.059 0.018 U 0.019 U 0.0t3 UF 0.098 0.016 _J
Aroclor 1260 mo/kg NV 1 NV 0.021 LJ 014 J 0.048 UJ 0.019 W 0.019 UJ 014 J 0.013 J
Polychlorinated binhenyls, Total mg/kg NV 1 Ny 0.021 U 0.18 0.018 U 0012 U 0.019 U C.24 0.089
Table A-5.%
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Appendix A-5.1
Tabie A-5.1

Summary of URS Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Stee! Corporation
50-acre Joliet Works Facility
Joliet, Hlinois

Tler 1 Seil Remedlation Tler * Soll Remediation
; > i SB215-58-02- | SB215-55- | SBZ16-SB-01- | SBZ16-58-02. | SB216-55. | SB217-SB.01- | §B217-5B-02-
Parameter Units | Background {a) wo"j“""es forindustrial | Objectives for Industrlal {4 1052013 04052013 04052013 04052013 04052013 04052013 04052013
arker Ingestion Route Worker Inhalation Route
Samiple Type
ple nferval| (2.5 -3.5] [0-05) (15-25) PEPEY) @05 A5-25) @5-55]
PCBS
Aroclor 1016 mlkg NV 1 NV 0.078 1 00t7 U 0,017 U 6.018_U 0.018 U 0.018 U 0.02 U
Araclor 1223 mglkg NV T NY 0.098 1) 0017 U 0017 U 6.018 U 0.018 U 0.018 U 5.02 U
Aroclor 1232 mafieg NV T NV B.o78 U 0.7 U 0.017_U 5018 U 0018 0 0.018 4 0.02 U
Araclor 1242 mglkg NV 1 WV 0.018_U 0.017 U 0,077 _U U018 U 0.018 U D.018 U 002 U
Aroclor 1248 mgrkg NV 1 NV 0018 U 017 U .57 U 0078 U 0.018 U 0.018 U 0.082
Arolar 1264 molkg Y 1 N 0.018 U 0.0085 J 0.017_U 0.018_1 0018 U 0.018 U 0.065
Araclar 1260 mgikg NV 1 N 0.018 UJ 0017 _J 0.017 UJ 0.0%6 Ul 0.018 UJ 0.016 U 0.063_J
Polychiorinated biphenyls, Tatal mglkg )% 1 v 0.018 U 0.0%5 0817 U 0.018_Y 0.018 U 0.018 U 02
Table A-5,1
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Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Appendix A-5.1

Table A-5.1

Summary of URS Soil Analytical Data

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois

Tier 1 Soll Remediation Tler 1 Soll Remediation
SB217-8S- 5B218-8B-01- | SB218-5B-02- | §B218-55- | $B219-5B-01- | S5B219-58-02- SB219-§5-
Parameter Units | Background {a) | Objectivas for Industrial Otfectives for Industrial
04052013 04052013 0405201 4052013 04082013
Waorker Ingestion Route ™ | Worker Inhalation Route ™ 52013 gans2 04082013 04082013
Sample Type
} Sample Interval {0 - 0.5) (1.5-25) (4-5) (0 - 0.5) (1.5-2.5 4.5 -5.5) {0-0.5)
PCBs
Aroclor 1016 marky NV 1 NV 2017 U 0.018 U 0.017 U 0,018 U 0018 U 0018 U 0.019 U
Aroclor 1221 mgrkg NV 1 NV 4.017 U 0.018 U C.017 U 0.018 U 0018 U 0.018 U 0.019 U
Aroclor 3232 moikg NV 1 NV 0.017 U 0.018 U 0.017 U 0.018 U 2018 U 0.013 U 0.01¢ U
Arocior 1242 mgrkg NV 1 NV 0.017 U 0.018 U 5017 U 0.018 U 0018 U 0.019 i 0.019 U
Arcclor 1248 mg/kg NV 1 NV 0,097 U 0.018 U 0.017 U 0.018 U 0.018 U 0.019 4 011 J
Arcclor 1254 mg/kg NV 1 NV 0.017 U 0.018 U 0.017 U 0.018 U 0.018 U 0.018 U c.068 J
Araclor 1260 mg/kg NV 1 NY 0.017 UJ 0.018 UJ 0.017 UJ 0.016 WJ 0.018 Lig 0.018 011 J
Palychierinated biphanyls, Total mglko NV 1 NV 0.097 U 0.018 U 0.047 U 0.018 U 0.018 U2 0.018 LJ 0.28 J
Table A5.1
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Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Appendix A-5.1

Table A-5.1

Summary of URS Soil Analytical Data

Former Birmingham Steel Corporation
§0-acre Joliet Works Facility
Jotiet, lllinois

Tler £ Sail Ramediation Tier 1 Soil Remediation
P, e S5B219-58- S5B222-5B-01- | SB222-5B-02- $B222.55- 5B224-5B-01- | 5B224-SB-02- 8B224-85-
Parametar Unlts | Background {a} | Objectives fn.r Industrla:b] Objectives far Induslrlallh} 04082013 04052043 04082013 04082013 04082013 04082013 04052013
. Woaorker [ngestioh Roufa Worker inhalation Route
Sample Type FD
Sample Interval {0 - 0.5) (1.5 - 2.5) {3.5 - 4.5) {0 - 0.5} (1.5 - 2.5) (3.5 - 4.5) {0 - 6.5)
{PCBs__ - - :
Aroclor 1016 ma/kg NV 1 NV 0.018 U 0.02 U 0.02 L 0.018 LU 0.018 U 0.017 U 0.018 U
Aroclor 1221 mg/kg NV 1 NV 0.019 U 0.02 U 0.02 Lf 0.099 U 0.018 U 0.017 U 0.018 U
Aroclor 1232 mg'kg NV 1 NV 0.018 U 002 U 0.02 U 0.019 U 0.018 U 0017 U 0.018 U
Aroclor 1242 mg/kg NV 1 NV 0019 U g.02 U 0.02 U 0.019 U 0.018 U 8017 U 0.018 U
Arocior 1248 malkg NV 1 NV 0.01% WJ 6.02 U 0.02 U 0.019 U 0.035 0017 U 0.018 U
Aroclor 1254 ma/ka NV 1 NV 0.819 WLJ .02 U 0.0z U 0018 U 0.029 8.017 U 0.018 U
Arocior 1260 mg/kg NV 1 NV 0.019 LJ 0.02 UJ 0.62 UJ 0,019 W 0.034 J 0.017 UJ 0.018 UJ
Palychicrinated biphenyls, Total mg/kg NV 1 NV 0.018 UJ 0.02 UJ 0.02 UJ 0.018 WJ 0.098 0,017 UJ 0.018 UJ
Table A-5.1
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Appendix A-5.1
Table A-5.1

Summary of URS Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
S0-acre Joliet Works Facility
Jofiet, lllinois

Tler 1 Soll Remediation Tior Soll Ramedlatlon | oppp sm01. | sB226.85- | SE227-88-01- | SB227-5B.01- | SB227.5m.02. | SB227.85. | $B229.8B.01

Ohbjectives for Industrial Objectives for Industrial 5 " ol i 3 - " i i
Parameter Units | Background (a) | Oble ) I w | 04052013 04052013 04052013 014062013 04052013 04052013 04082013

Worker Ingestion Route Worker Inhalation Route

Sample Type FD
Inferval] (1.5 - Z.5) 0 0.5] (1.5-2.5) (15-2.5/ G4 0-0.5) 1525
PCBs.
Aroclor 1016 kg NV 1 v GENE 0.018 U o078 U 0.018 1y 0.02 U D018 U 0.02 U
Aroclor 1221 malka NV ' 7 0.015 1F 0.018 U 5.019 U 0.015 1J 0.02_U 0.018 U 0.0z U
Aroclor 1232 mgrke X% ; v 0.019 U 0.016 U 0.019_U 0.019 UJ 0.02 U 0.018 U 002 U
Arocior 1242 rgiky [ 1 NV 0.019_U 0.018_U 0.019 U 0.019 UJ 607 Ut 0.018_U 002 U
Arosior 1248 majko NV 1 NY 0.099_U 0.018 U 0019 U 0.015 UJ 0.02 U 0.018 U 0.02 U
Arccior 1254 Mglkg NV 1 NV 0.014 0015 J 0.018 UJ 0.07 4 0.02 U 0.017_d 002 U
Arcclor 1260 malkg NV 1 NV 0.021_J 0025 J D.015 0061 J 0.02 UJ 0.027_J 5.02 Ud
Palychioninated biphenyls, Total mglkg NV 7 NV D.035 0.04 0.015 J 0.16_J D02 0.043 0.02 UJ
Table A-5.1
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Appendix A-5.1
Table A-5.1

Summary of URS 5Soil Analytical Data
Comparison to Tier 1 Soil Ingesticn and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility

Joliet, lllinois

Tier 1 Soit Remediation

Tler 1 Sail Remediation

Paramatar Units | Background {a) | Objectives for Industrial | Objectives for Industrial S%iiz‘:;':“ i‘:ﬁ::jg-
Worker ingestion Route ® | Worker Inhalation Route
Sample Typse FD
Sample Interval {t1.5-2.5) {0 - 0.5)

PCBs

Arocler 1016 mgikg NV 1 NV 0.018 U 0.018 LU
Araclor 1221 mgrkg NV 1 NV 0018 U 0.018 U
Aroclor 1232 mafkg NV 1 NV 0.018 U 0.018 U
Aroclor 1242 ma/kg NV 1 NV 0018 U 0.018 U
Araclor 1248 mg/kg NV 1 NV G.018 U 0.018 U
Arocler 1254 ma/kg NV 1 [l 0.018 U 0.018 U
Aroclor 1260 mgfkg NY 1 NV 0.018 UJ 0.018 UJ
Polychlorinated hiphenyls, Total mg/kg NV 1 NV 0.018 UJ 0.018 UJ

Table A-5.1
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Appendix A-5.1
Table A-5.1 Notes

Summary of URS Soil Analytical Data
Comparison to Tier 1 Soil Ingestion and Inhalation Exposure Route for the Industrial Worker

Former Birmingham Steel Corporation
50-acre Joliet Works Facility
Joliet, lllinois

Notes:

All units are In milligram per kilogram (mag/kg)

{a) Background values are based on concentrations of constituents in soil in counties within matropolitan statistical areas of Ilinols (Appendix A of TACO, Tables G and H) (IPCE, 2013).
(b) Industrial Worker soil remediation objectives are based on values provided In the Tiered Approach to Corractive Action Objectives (TACO) - Appendix B, Table B (IPCB, 2013).

NV: No Value

FD: Field Duplicate Sample

Parameter Groups

SVQOCs: Semi-volatile Organic Compounds
PCBs: Palychlorinated Biphenyls

VOCs: Volatile Organic Compounds

Qualifiers

J: The assoclated numerical value is an estimated quantity.
U: The chemical was analyzed for, but not detected. The assoclated numerical value is the reporting limit.

Bold typeface and ;u_s_iading indicates a chemical was not detected, but its reporting limit exceeds the Tier 1 soil remediation objectives for the Industrial Worker for at least one exposure route.

Yellow shading indicates detected concentration exceeds the Tier 1 soil remediation objectives for the IndustrialWorker for the ingestion exposure route.
Green shading indicates detected concentration exceeds the Tier 1 soil remediation objectives for the Industrial Worker for the inhalation exposure route.
Blue shading indicates detected concentration exceeds the Tier 1 soll remediation objectives for the Industrial Worker for both the ingestion and Inhalation exposure routes.

Table A-5.1 Notes
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Appendix A-5.2
Table A-5.2

Summary of URS Groundwater Analytical Data
Comparison to Groundwater Comp

t of the Grol

Former Birmingham Steel Corpotation

50-acre Joliet Works FacHity
Joliet, lllinols

Ingestion Exposure Route

Parametar Units TIE(RL:LZ‘IJ:;;“W MW-1 MW-101D MIN-101S MW-1018 MW-102D Mw-102% MW-1035 MW-104D MW.1048 MW-1055 MW-1675 M2
41212013 415/2013 411512013 41152013 AH5/2013 41512013 411112013 411512013 52013 41112013 41172013 41112013
R Okfectlve (Class I}
Sample Type FO
PCEs
Aroclor-1016 gl 00005 0.00038_Ud 000038 UJ 00048 6.00048 Ui 5.00038_1J 0.00041 UJ 0.00039 UJ 0.00039_UJ 0.00059 GJ 0.0004 UJ 60038 Ud 6.00038 UJ
Arocior1221 mgiL 0.0005 0.00038 U 0,00038_U 0.00039 U 00039_U 0.60039_U 0.00041_U 0.60039_U 500038 0.0003%_U 0.0004_U 6.00038_U 0.00038_U
Aroclor1232 ma/L 00005 0.00038_U 0,00038_U 0.00039 U 00639 U 0.00938 U 000041 U 00839 U 0.00038_U 00038 U 0.0005 U 0.00038_U 3.00038 U
Arocior-1242 mai 0.6605 0.00038 U 0.00038 U 0.00039_ U 00639_U 0,00039 U 0.00041_U 000038 U 0.00038 U 00038 U 00004 U | . 0.00033 U 0.00038_U
Aroclor 1248 mgiL 0.0005 0.00038 U 0.00038 U 0.00039_U 0.00039 U 000039 U 0.00041 1 0.00038_U 0,00038 1 00025 U 0.0004_U .00028_U 0.00038 G
Aroclor-1254 gl 0,0005 0.00038_U 0.00038_U £.00033 U 0.00639 U G.00032_U 0.60041_1J 0.00038 U 0.00033_U 000291 0.0004 U .00038_U 0.00038_U
Arotlor 1260 g 0.0005 0.00038 U 0.00638 U 0.00039 U 0.00038_U 0,00039_U 0,00091_U 0.0003%_U 6.00039 U 0.00029_U. 0.0004 U .00036_U 0.00035_1J
Polychirinatad biphenyls, Total mgiL 0.0005 0.00038_U 6.00038 1) 0,00039_U 0.00038_U 0.00038" U B.og0al U 0.00033_U 0.00039_U 006039 U 0.0004_U 006361 0.00038 U

Table A-5.2
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Appendix A-5.2

Table A-5.2

Summary of URS Groundwater Analytical Data

|y

Former Blrmingham 5teel Corporation
50-acre Joliet Works Facllity
Jollet, [Mnois

Gomponent of the Groundwater Ingestlon Exposure Route

Tier 1 Groundwater} 01 NW-2018 MW-2018 MW-202D MW-2028 Mw.3 Mw-4 WA
Parameter Units | _Remedintion 41212013 411212013 41272013 41122013 212013 41112013 4152013 4115/2013
Dbjactive (Class I
Sample Type FD

PCBs
[FrGeior1018 mgiL 0.0005 5.00039_UJ 0.00038 UJ G.00036 Ud 306638 U3 0.00038 U T.00038_UJ 3.00038 U7 D.00038 UJ
Aroclor-1221 mo/l_ 0.0005 ©.00039 U 0.00038 U 6.60038 U 0.00038_U 0.00038_U 0.00038_U 0.00036_U 0.00039_U
Aroclor1232 mglL | 0.0005 0.00033_U 5.00038 U 0.00039_U 0.00038 U 0.00038 U 0.00038 U 6.00035 U 000035 U
Aroclor1242 e/t 0.0005 0.00035 U 0.00038_U 0.56038 U 0.00038_U 00038 U 0.00038 U 0.00029 U B.00036_U
Erocior-1548 mgi 0.0005 0,00038_U 0.00038_U 0.00039_U £.00038_U 0.00038_U 0.00038_U 0.00039_U 00002 U
Arocior-1254 mgft. 0.0605 0.00039_U 0.00035 U 0.00030 U £.00038_U 0.60038 U 0,00038 U 0.60039_U T.00038_U
Aroclor1260 ma/L 0.0005 0.00039_U 000038 U 0.00039_U 000038 U 0.00038_U 5.00038 U 0.00038 U 0.00039_U
Bolychlorinaled bipheryls, Total | mgit 0.0005 0.00038 U 0.00036_U 0.00039_U 0.00038_U 0.00038_U 0.00038_U 0.00039_U 0.00039_U

Table A-5.2
Page 2of3



Appendix A-5.2
Table A-5.2 Notes

Summary of URS Groundwater Analytical Data
Comparison to Groundwater Component of the Groundwater Ingestion Exposure Route

Former Birmingham Steel Corporation
50-acre Joliet Works Facifity
Joliet, lllinois

Notes:
FD: Field Duplicate
NV: No Value

Parameter Groups

PCBs: Polychlerinated Biphenyls

SVOCs: Semi-volatile Organic Compounds
VOCs: Volatile Organic Compounds

Quafiflers

Jt The associated numerlcal value Is an estimated quantity.
tJ: The chemical was analyzed far, but not detected. The associated numerical value is the reperting limit,

Boli typeface and no shading indicates a chamical was not detected, but its reporting Timit dsg the Tler 1 Gi Remediation Qhbjective.

Yellew shading Indicates detected concentration exceeds the Tier 1 Groundwater Remediation Objective.

Table A-5.2 Notes
Page 3of3
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DATE: 2/27/2015

DRAWN BY: JO | CHECKEDBY: PLH | JOB NO. 25369987

5 meters (16.4 feet)

(193} $'91) sisjBW G

-
=}

Meters

Feet

Legend

D Initial Compositing Area (Sample 1)

Subsequent Compositing Areas

Proposed Number of Verification
Samples: 3 Composite Samples

LOCATIONS FOR VERIFICATION SAMPLING
REMEDIATION AREA 8A

APPENDIX B-1
FIGURE 1

FORMER BIRMINGHAM STEEL CORPORATION
FACILITY - 50-ACRE PARCEL
927 COLLINS STREET, JOLIET, ILLINOIS
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DATE: 2/27/2015

DRAWN BY: JO | CHECKED BY: PLH | JOB NO. 25369967
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60 -45 -30 -1.5 0 +15 +3.0 +45 +6.0 +75

I.sl

7T

4.5 meters
(14.8 feet)

A

16.5 meters (54.1 feet)

15 0 1.5
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5 0 5
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Legend

o Compositing Area

Proposed Number of Verification
Samples: 8 Composite Samples

LOCATIONS FOR VERIFICATION SAMPLING
REMEDIATION AREA 8B

APPENDIX B-1
FIGURE 2

FORMER BIRMINGHAM STEEL CORPORATION
FACILITY - 50-ACRE PARCEL
927 COLLINS STREET, JOLIET, ILLINOIS
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DATE: 2/27/2015

DRAWN BY: JO | CHECKED BY: PLH | JOB NO. 25369967

SG102+

Building

-1.0

meters
1.25
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-05 0 +05 +1.0

(1ea) z'g) s18lPW G2

2.5 meters (8.2 feet)

05 0 05
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15 0 15
——
Feet
Legend

D Initial Compositing Area (Sample 1)

Subsequent Compositing Areas

. Sample 2
. Sample 3

Proposed Number of Verification
Samples: 3 Composite Samples

LOCATIONS FOR VERIFICATION SAMPLING
REMEDIATION AREA 9

APPENDIX B-1
FIGURE 3

FORMER BIRMINGHAM STEEL CORPORATION
FACILITY - 50-ACRE PARCEL
927 COLLINS STREET, JOLIET, ILLINOIS
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Subpart R - Sampling a Conical Pile
(§761.347)

Top View Top View

STEELUJOLIET'S0ACREREMEDIATIONREPORT_013020154PPB_SAMPLINGEXAMPLES.PDF

Center of pile «  Center of pile

SOURCE: O/DATAPROJECT_DATASETSIUS_STEELUOLIETWXDS'SDACRE_PARCELIREMEDITATIONREPORT_0130201 SWMPPBE_SAMPLINGEXAMPLES MXD

g : :
é Clrcumlel't:ﬂtﬂ ———mee Clrcumference
2 . ‘ 4. Find sampling radius (r) by multiplying circumference (¢
: 1. Mark center of pile using rod, stake, etc. by a fam dgom num(b or 4 e ©
Q - ~
0 2. Run string from top of center marker to base (b) . ;
g 3 M s f foyfiom b b 5. Run string from center marker to base at point (r)
z . Measure circumference (¢) from base
E (b) 6. Measure length (1) from center marker to base (r)
sasy  Preamble page 35412 Codified 63 FR 35470 s Preamble page 35412 Codified 63 FR 35470 xe9y Preamble page 35412 Codified 63 FR 33470
Cross Section at r Three Dimensional View Cross Section at r

/\/\
\/ /
27\
&/ N

r

. _ o Determine the vertical distance (v) by inserting a rod marked in cm
7. Find sampling length (s) by multiplying (1) by a random number Find sampling depth (t) by multiplying (v) by a random number
8. Starting from base (), find point (s) on length (1) Take sample at point (t)

sas: Preamble page 33412 Codified 63 FR 35470 sape Preamble page 35412 Codified 63 FR 35470 ‘reamble page 35412 Codified 63 ER 35470

Source:
http://mww.epa.gov/epawastefhazard/tsd/pcbs/pubs/guidance. htm#subpartsampling

SAMPLING PCB REMEDIATION WASTE
FOR OFF-SITE DISPOSAL

APPENDIX B-2

FORMER BIRMINGHAM STEEL CORPORATION
FACILITY - 50-ACRE PARCEL
927 COLILINS STREET JIOLTET TTTINOTS

AZCOM

DRAWN BY: JO | CHECKED BY: PLH | JOB NO. 25389967

DATE: 3/4/2015
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F107
F206
F302
F303
F304
F501
F504

F705

Appendix C

Standard Operating Procedures

Test Pit and Excavation

Organic Vapors

Sample Handling

Use and Maintenance of Field Logbooks

QA QC Samples

Decontamination of Field Equipment and Materials
IDW Disposal

General Field Operations
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S0P Number: USS F107

responsibitity of the Project Mnager to verify that all appropeiale documents i e., Test Pit Loss)
have been completely and correctly filled our by e field nspector.

Field Team [rader — The Field Team Leader is respansible for the overall supervision of all test pit
and trenching activities, and for ensixing that each test pitis properdy and completely logged by the
field mspector. It also is the responsibility of the Field Teant Leader to ensure that all field
inspeetors have been brisfed on these procedures.

Field Inspector - Fhe Field Inspector is responsible for the dircet aversisht of test pit and trenching
activities. Tt is the Field Inspector’s responsibility 1o lox each test pit, document subsurface
conditions, complete appropiale forms, and in some ceses act as the Excavation Competent
Person - that is, identify excavation hazards and ensure fhe use of adequate protective systerss,
work metheds, snd personal p is ip orsilein with lati
and best management practices — but only if the Field Inspector has been cortified as an Excavation
Competent Person. {The excavation coniractor typically provides the Excavation Competent
Persar: at test pit and Irench excavation work sites)

50 PROCEDURES

The procedures for test pit sizes, bealih and safely considerations, sampling, and backfilling are
discussed i the following sections, Regulations for trench excavation, mcluding, trench sizes, are
givenin the Augnst 9, 1994 edition of the Federa! Register, 29 CFR Part 1926, Sufety and Healih
Regulations for Construction, Subpart P -~ Excavations {Altachment A).

81 Yest Pit and Test Trench Exeavation

Test pits and trenches permit detziled exploration of the nature and contamination of in-sit
mizterials, as well as the characleristics and stratification of neer suface materials. The size of the
excavation will depend on:

+  Pwipose and intent of the exploraion,

+  Spacc hmitations imposed by site condifians {i ., proximity to buildings, otiliics, ete)
«  Contaminants present and he potential for release to the emvironment.

*  Stbility of the materials being excovated.

»  Capabilities ad limitaions of the excavaling equipment.

Standard equipment (i.e., backhoe) is readily available to excavate to depths of up toabour 15 feel,
However, larger and deeper excavations may be required. Attfimes, standard equipment ean be
used to excavate deeper than thef nominal limits by stepping or benching the excavation.

TEST PTT ANB TRENCH EXCAVATION 50P Nomher; USS F107 1.0 PURPOSE

“The pugposc of tis procedure is to provide general reference iformation md technical suidanes on
1he cxeavation of exploratery test pits and test grenches at the U.S. Stee? (USS) Gary Works
Facility.

Z0  SCOPE
These procedures provide overall iechmieal gridunce ond may be modificd by silc-specific

requirements for field exploratary trenches and test pits. Conditions which wonld make trench
excavation difficult (such as 3 shallow water tabk), danperous (presencs of explosive materials ar

d d utilities), or likely to i ! problems (such as polenial rupture of buried
contsinerized wastes) will require modifications to the procedures presented heein and may
prevent impl iom of the expl ion progran. Consequently, the technigy

Jecerit finahil

d horein are mast in axens of low apparent ination and where potentially
explosive materials are not expeeted 1o be present.

38  DEFINITIONS

Trench—Trench means a sarow excavation (iz relation to its length) mads below the surface of the
ground, Jn goneral, the depth is greater than the width, but the width of a trench (measwred at the
‘bottom) is not greater than 15 feet. If forms or other sinetares are installed or constructed in an
excavation 5 25 1o reduce the dimension measursd from the forms or structure to the side of the
exceavation to 15 feet or less {measurcd at the boltom of the excavation), the excavation is also
considered to be a trench {definition from Federal Repister, Val. 54 No. 209, Augnst 5, 1594, 29
CFR Part 1926, Safety and Health Regulations for Cansiruction, Subpart P -- Excavations)
(see Attachment A},

TestBit — A testpit is a small excavation made below ground surface to cheracterize soil type and
quality as well as detennine the types of wastes buried. In geneeal, a test pitis dug using a backhoe
with dimensions measured as follows:

Width - Typically one 1o e backhoe buckets wide (twa to ten fest)

Length - Typically five to ten feet long {at the base)

Depth - Typically to the tap of the water table, ane to two feet below the base of the fit
matesial, or mnti] the trench becomes unstble and begins caving

4,0 RESPONSIBILITIES

Project Mangger — It is the responsdhitity of the Project Manager to ensurs that field personnel
responsible for trench mnd fest pit excavations are familiar with these procedurcs. Tt also is the

Paged af 5
SOP Number: USS F107
52  Health and Safcty Considerations

AL fest pit and tronch excavation activities shonld be conducted under the guidance of 8 project
specific Health and Safety Plon.

The Realth and Safety Plan should specify precastions to be observed relative o pessible chenrical
or physical hazards associated with these operations. Chemical hazards may vecur from direct
exposure 1o excavaied wastes or inhalation of volatiized materinls, Physical hazards include the
passible collopse of the trench or test pit, possible injury through violent contact with excavation
equipment, or explosion or ether foreful reaction upor conlact with ntilities, exposed drams, or
other wastes, Respicatory ind personal protective aeuip 10 be wom by on-site persormel
imvolved in excavation operafionsto mitigate chemical and physical hazards also should be specified
in the Hedlth and Safety Plan

At Jocations whers access is 1ot restricted, a safety zone should he established aound the
excavation. Additionally, persormel should not enter the cxeavation without apprapriste writien
health and safely procedures approved by (he Excavation Compstent Person, Prior writen
approval and procedures as specificd in (he Sampling and Analysis Plan and the project Health and
Safizty Plan ane required il sntry into the excavation i to be considered. Additionally, a Site Healih
and Safcty Officer familiar with excavations should be on site to direct the entry procsdures. Most
excavalions would be considered as confined space entry situations, requiting certified confined
space enfry persennel.

53 Logging ond Sampfing

Test pits and/or trenches should be Jogged and sampled by the Field Inspecior. Soils should be
classified and described in accordance with ASTM D-2487-92 and the procedures given in
Sundard Cperating Procedure SOP) FI0]. Test Pit Lops (Attachment B shold be leglbly
completed for all test pits. Samples should only be collected Fom material int the equipment bucket,
or ffom the pile of excavated materials. The excavation sheuld not be entered for (he purpose of
collecting samples without appropriate wrilien health and safety procedures approved by the
Excavation Competent Person,

54 Backflling

Bacldilling of trenches and test pits is anoraally accepted practice to reduce immediate site hazards
and winimize e potential for rainwater lation and sub: i lgrat

Afteri ion and completion of the appropriate test pit logs, backdill material shauld be retamed
to the pit under the oversigit of the field mspector. Any harardous and/or waste materials which
arc not retumed to the excavation as back(ill must be collected and properly disposed. Where it is
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salt; to do sa, the hackhos bucket should be used to compact each one te two-foot layer of backfill
as it is placed to reduce fature scillng,

55  Tost Pit Procedures

The following procedures apply to the excavation and backfilling of  typical test pit. Note thatif a
subcontractor is procured fo perform the test pit operations, the subeontractor must provide an
equipment aperatar end & supervisor:

»  The positions of the test pits should belocated in te Geld by the Field Team Leader,

»  TAility cloarance should be obtained for afl test pit locations prior to excavation.

- i i should be th hly de inated y, sitherwhen
moving from one solid waste manapement wit/area of concemn o mother, orprior to
and after each test pit excavation (see SOP 502).

a A mfety zonc should be established around the test pit location prior to initiation of
excavation activitics.

« P ion should by ing lifts of na more than approxdmately 6 to 32
inches of soll.

... The Field Inspector should log e test pitsoils and reard abs
Log Additionally, the test pit cross-section shall be sketched on.
notable features identificd.

e If applicable, soil or waste samples should be callected ither from the backhoe
bucket or from the pile of excavated materials following SOP 103,

»  Test pit depths (and water levels) may be measred using an engineer's rule {six foot)
ora weightsd measuring tape. Depths should be measured from the gronnd surfhcs.

«  Upan campletion, test pits should be immediately backfilled as described in Section
34,

o Thetest pit locatians should be surveyed by z registered kné surveyor, surveyed with
a GPS device, or measumd and referenced to nearby permanent site sictures (Le,

‘buildings, curbs, fences, etc.)
6.0 QUALITY ASSURANCE RECORDS

‘The Quality Assurance Records that should be prepared include Test Pit Logs and notations in the
Ficld Laghook .

7.0 REFERENCES

Qocupational Safety & Health Administration, Safety and Health Regulations for Construction,
2% CrR Part 1926, Subpmt P - Excevalions, 9§ Augest (594,
<htip:Awww.osha gaviplsioshawsb/owastand.

Regulations (Standards - 29 CFR}

1926 Subpart P - Excavations

1926.650 - Scapo, application, and definitions applicable to this subpart.
1926651 - Specific Excavation Requirements.

1926.652 « Requirements for profective systems.

1926 Subpurt P App A, - Soi! Classification

1926 Subpart P App B - Sloping and Benching.

1524 Subpart P App € - Timber Shoring for Trenches

1936 Subpart P App D - Alominum Hydramlic Shoring for Trenches
1926 Subpart P App E - Altermatives to Tisber Shoting

1926 Subpart P App F - Selection of Protective Systoms

AUTHORITY: Sec. 107, Coniract Worker Hours and Safety Standards Act (Construction
Safsty Act) {40 ULS.C. 333, Secs. 4, 6, 8, Qeenpational Safety and Health Act of 1970 {20
U.8.C. 653, 655, 657); Secretary of Labor’s Order No. 12-71 (36 FR §754), 8-76 (41 FR.
25059), 9-83 (48 FR 35736), ar 1-90 (53 FR 9033), as opplicable.

Section 1926.651 also issued wnder 29 CFR Part 1911
SOURCE: 54 FR 45959, Oct, 31, 1939, unless otherwise noted.

I59FR 40730, Aug. 9, 1994]

1926.650(x)

Scope and application. This subpart applies to all open excavations made in the carfh's surface.
Excavations are defined to inclode trenches.

1926 550

Definifiors applicsble to this subpart

i ol

it
with

" Accepted engineering practices” means those which are
standards of practice required by a registered prafessional engineer.

"Alusginurn Hydraulic Shdring” means a pre-engineered shoring systers comprised of alwminum
hydraulic cylinders {crossb used in conjumetion with vertical rails (uprights) or horizental
rails (wales). Such systom is dosigned specifically to support the sidewnlls ofan excavation and
prevent cave-ins.

ATTACHMENT A

0SHA — 29 CFR PART 1926 SAFETY AND HEALTH REGULATIONS FOR
CONSTRUCTION, SUBPART P — EXCAVATIONS

"Bel-bottom pier hole” means a type of sheft or footing excavation, the bottom of which is
made larger than the cross section above to form a belled shape.

"Benching (Benching systera)” means a method of protscting smployess from cave-ms by
excavating the sides of an excavation to form one or a setics of horzontat levels or steps, usually
with vertical or rear-vertical surfaces between levels.

"Cave-in" means (s seperation of a mass of soil ar rock material fom the side of an
excavation, or the loss of soil from under a french shield ar support system, and its sudden
movement into the excavation, either by falling or stiding, In sufficient quantity so that it could
entrep, bury, or other wise injure and immobilize a person_

*Competent person” mems cne who is capable of identifying existing and predictable hazards i
the surroimdings, ar working conditions which are unsanitary, hazardous, or dangerous to
employsss, and who has to take prompt i to eliminafe them.

"Cross hraces” mean the horizantal members of 2 shoring system installed perpendicutar to the
sides of the excavation, the ends of which bear against either uprights or wales.

“Excavation” means my mar-made cut, cavity, trench, or depression in an earth surface, formed
by carth removak,

"Faces" or "sides” means the vertical or inclined sarth surfoces formed as a result of excavation
work.

“Failure” means the breakage, displacement, or permanent deformation of a stuciural member
or conneetion so 1 to reduce its structural inlegrity and its supportive capabilities.

"Hazardaus amosphere” means an atmesphiere which by reasen of being explosive, flammable,
poisonaus, comosive, oxidizing, imitaling, oxygen doficient, toxic, or otherwise hamful, may
canse death, lness, or injury,

*Kickout" means the aceidental release or failure of o cross brace.

"Protective system” means a method of protecting eployces from cave-is, from material that
could fall or roll from an excavation face or into an excavation, or from the collapss of adjacent
structures. Protective sysiems include suppart systems, sloping and benching systers, shield
sysiems, and other sysicms that provide the necessary protection,

"Ramp" means an inclined walking or working, surfacs that is nsed to gain access to orie point
from another, and is consiructed from earth or from structural materials such a5 steel or wood,

"Registered Professional Engineer” means a person who is registered as a professional enginear
in the state witere the work is lo be performed. However, a professional engineer, registered in
amy slate is desmed ta he a "repistered professional engineer” within the meaning of this
standard when approving, designs for "manulactured protective systems” or "tabulated data” to
bonsed in interstate commerce.



"Shoeting" mesms the members of a shoring system that retdin the carth n position and in tam
are supported by other members of the shering system.

"Shield (Shield system)" means a structure that is gble Io withstand the forces inposed on itby a
cave-in and thereby protect emplovess within (e structore. Shietds can be permanent structares
or can bis designed Io be portable and moved along es wark progresses. Additionally, shields
can be gither: d or job-built in d with 1926.652(c)3) or (c)f4).
Shields nsed in trenches are usually referred to 43 "trench boxes™ or "trench shiclds *

"Shoring (Shoring system)" means a stmchure such as a metal hydraulie, rechanical or tnrber
shoring systent that supports the sides of an excavaton aud which is designed to prevent cave-
ins.

"Sides", See "Faces."

"Sloping, (Sloping system)" mezns a method of protecting employees from cave-fns by
excavating to form sides of an excavation that are inglined away from the excavation so asto
prevent cave-ins, The mgle of incline required to prevent 2 cave-in varies with diffeences in
such factars as the soil lype, environmental conditions of exposure, and spplication of surcharge
loads.

"Stable rock” means natiral solid mineral material that can be excavated with vestical sides and
will remain mtact while sxposed. Unstable rock is considercd to be stable when the rock
material on the side or sides of ihe excavation is secured apainst caving-in or movement by rock
belts or by another protective system that lias been designed by a registered profeasional
engineer.

"Structural amp" means a ramp built of sicel or wood, usually used for velicle acerss, Ramps
made of soil or mck are not cansidered structural rhpy.

"Support system” means a structure such 2s underpinging, bracing, or sharmg, which provides
support to mn adjacent structurs, undergronnd installation, of the sides of an excavation.

"Tabulated data™ means tables and charts approved by & registered professional engineer and
used to design and construct a protective system.

“Trench (Trench excavation)” mems a namow excavation {in relation ta its kngth) made below
the surface of the ground. In general, the depth is preater ihan the width, but the widih of a
trench (measured at the bottom) is pot gresler than 15 feet (4.6 m). If forms o other structares
zre instafled or covstructed in an sxcavation so as to reduce the dimension messured from: the
forms or structure to the side of the sxcavation ta 15 feet (4.6 m) or less {measured at (he
botiom of the ion), the ion s also idered to be a trench,

"Trench box."” See "Shield.
"Teeneh shield." See "Shield."

Access and egress -
1526.631(c)(1)
Structral ramps.
1926.651(c)(1) )

Swroctural ramps that are used sclely by employees as a means of secess or ¢aress from
excavations shall be designed by a competent person, Structural ramps vsed for access or
egress of equipment shall be desiened by 8 compeient person qualified in structural design, and
shall b constnicied i accordance with the design.

1926.651(<H1) G}

Rarups and mmways constructed of two or mate structural members shall have the stuctural
members connected together to prevent displacement,

1926.651(c)(1)(5)
Structural members used for ramps and mumvays shall be of uniform thickness,
1926.651(cHE){iv)

Cleats or other appropriate means used to conneet nmway structural members shall be attached
1o the bottom of the nmway or shall be attached in 2 manner to prevent tripping,

192665 1)1}
1926,651{cX1}v)

Structural ramps used in lizu of steps shall be provided with cleats or other surface treabmients o
the top surface o provent shipping.

1926.651(c)(2

Means of egress from wench excavations. A stalrway, ladder, ramp or other safe means of
egress shall be Jocated in tzemeh excavations that are 4 feet {1.22 m) or more in depthso a5 to
require ne moee than 25 feet (7.62 m) of lateral wavel for employees,

19266510

Exposure to vehicular traffic, Employess evposed to public vehicular traffic shal be provided
with, and shall wear, waming vests or other suitable parments marked with or made of’
relleclonzed or high-visibility material

1926.651(¢)

"Uprights” means the vertical members of & trench shating system placed I contact with the
enrth and usually positiencd s that individuzl members do not contact each other Uprights
placed so that individual members are closely spaced, in contact with or inferconnected (o cach
other, are cften callad “sheeting "

"Wales" means horizontal menthers of a shoring system ploced porallel to the excavation face
whose sides bear against the vertical members of the shoring, system or earth.

1926.651¢a)

Surfacs b All surface t that are located so as to crente a hazard to
emplayees shaf! be removed or sup 4, as 1o safeguard employees.

126631k

Underground installations,

1926.651(b}1)

The estimated location of wtility installations, such as sewor, telephone, fisel, electric, water Enes,
or any ather d installations that T bly may be expected to be encomtered
during ion work, shall bed ined prior to opening an excavation.

1926.651{b}{2)

Utility companies or owners shall be contactod within cstablished o customary local response
times, advised of the proposed work, and asked to sstablish the location of the utiliy
vndergronnd installations prior to the start of achal exeavation, When utilty companies or
owners cannot Tespond ta 2 request to locate undergronnd atility installatons within 24 hours
(unless a longer period is required by state or loca! lms), or cannot establish the exact location
of these mstallations,the emplayer may procsed, provided the smployer does so with caution,
and provided detection equipment or olher acceptatle means w locate utility installations are
used.

1926.651(3)3)
1926651()(3

‘Wheu excavation eperations approash the esti d location of unde d instalations, the
exact location of the lstallations shall be d ined by safe and hle meang.

1926.651(b){d)

‘While the excavation is open, undergroimd installotions shall be protected, supported or
remaved as necessary to safegoard emplayecs.

1926.651(c)

Exposure to falling foads. No employes shall ba permitted imdemeath Ioads handled by lifting or
digging equipment Emplayess shafl be required 1o stand mway from amy vehicle being loaded or
unloaded 10 avoid being struck by any spillage or filling materisls, Operators may remain in the
cabs of vehicles being foaded or unloaded when the vehicks are equipped, in accordance with
1926.601{b}(6), to provids adequate protection far the operator during loading and unfoading
operations,

1926, 651 ()
1926.65],

Waming system for mobik ip ‘When mobile equi is operated adjacent to an-
excavation, or when such equipment is required to approach the cdge of an excavation, and the
operator does not have a clear and divest view of the edge of the excavation, a wamning, system
shall bs utilized such as barricades, hand or mechanica] signals, or stop logs. ¥ possible, the
grade should be eway from the excavation

1926.651{¢)
Hazardous aimospheres -

1926.651(g)(1)

Testing nnd controls, In addition 1o the requirements set forth in subparts D and E of this part
(28 CFR 1926,50 - 1926.107) to prevent exposure to harmbul levals of atmospheric
I and to assurs herc conditions, the following requirements shall

apply:
1926651 {g)(1)D)

Where oxygen deficiency {atmospheres containing less than 19.3 pement oxygen) ora
hazardous atmosphers exists or could reasonably be expected o exist, such as in excavations in
landfill arcas or excavations in areas where hazardons sabstances are stored nearby, the
atnospheres in the excavalion shall be tested before employees enter excavations grester than 4
feet (1,22 ) i depth,

926,651 {g){ 1)(E)

Adequate precautions shall be taken to prevent emplayre exposurs 1o atmospherss containing
Iess than 195 percent oxygen and other d heres. These p ons include
pioviding proper respizatory p ot ar ilation in dance with subparts I and E of
this part respectively.

1926651 {p){1



Adequate precaution shdl be taken such asprn\rldmg ilation, to preveat emp! XPOSHIT
to an attnosphere i a of a fl ble pas in cxcess of 20 percent of the
lower flammmable limit of the ges.

IN26.652{g)(I)M(ix)

1926.651(2)(1}iv)

When controls are used fhar are intended to reduce the level of atmosphieric contaminants to
acceptable levels, testing shall be conducted as ofien ps necessary to ensure that the atmosphere
remaing safe,

1226.651{g)(2)
Emergency rescue equipment.
1926.651{ g (i}

E resene Cyuip such as breathi a safety hamess and lma, or a
basket stretcher, shall be readily availsble where hazardons atmaspheria conditions exist or may
reasonably be expecied lo develop dhuring work in an excavation. This equipment shall be

attended when in use.

1926651 ()(2)(i7)

Employees entering bell-bottam pior holes, or other sinilar deep and confmed footing
excavations, shall wear 5 hamess with a lifeline securely aitoched 1o i, The likline shall be
separate from any Line used to handle materials, and shall be imndividually attended ut all imes
while the employes wearing the lifeline is in the excavation.

1926.651(ht
Protection from hazards associated with water aconmulation.
1926, 651(h) (1)

Employees shall not work in excavatinns in which there is lated wales, or in

in which water is acanmulating, unfess adequats precautions have been taken to protect
cmplayees against the hazards posed by water acaumulation. The precautions necessary fo
protect employees adequately vary with each sitnation, bit could inclhude special sapport or
shield systems 1o protect from cave-ing, water remaval to control the lsvel of accumulating
water, or use of a safely hamess and lifeline.

. 1926.65H{A)(2)
1926.65L(6)(2)

Sidewlk end structure shall not be undennined wnless a support
system or anufh:—rmellmd of protection is provided to protect employess from the possible
collapse of such stcures.

1926.651()
Protection of employess from Joase rock or soil.

1926.651G)(1}

Adeguate protection shall be provided to protect smployees from loose rock or 5oil that could
pose a hazand by falling orvolling from an excavetion face. Such protection shall consist of
scaling, ta remove loose material; instaBation of protective bamicades at ntervals as necessary on
the face I stop and contain falling material; or other means that provide equivalent protection.

- I926.6514)(2)

1926.651(1)(2)

Employees shall be profected from excavated or other materials or equipment that could pose &
thazard by falting or rolling into excavations. Protection shall ke provided by placing and keeping
such matertals or equipment et least 2 feet (61 m) from the edge of excavations, or by (he usc
of retmining devices that are sufficient to prevent materials or equipnient from falling or mlling
intp excavalions, or by a combination of both if necessary.

1926.631(k)
Inspections,
29268514000

Daily mspections of excavations, the adjacent areas, and protective systerus shall be mede by a
competent person for evidence of a situation that could vesall in possihle cava- ms indications of
failure of profective systoms, b d h or other b i An
mspection shall be conducted by the comp person prier (o the start of werk and as needed
thronghout the shift. Inspections shall also be made after svery rainstors or other hazand
increasing ocontence. These inspections arc only requirad when emplayee exposure can be
reasonably anticipated,

1926.651{k)(2)

Where the competent person finds evidence of a situation that could resull in a possible cave-in,
indications of fuilure of profective sysicras, hazardoys atmospheres, or other hazardons
conditions, exposed employees shall be removed Frum the hazardous arca until the necessary
precautions have been taken to ensure their safety.

1926.651{F}

I water is controlled or prevented from accunalating by the use of water removal equipment,
the wrter removal equi and operations shall be menitored by a competent persoz ta
CHEEE PrOper Operation.

926,651 (n)(3)

Tf excavation work internspts the natural drainage of sueface water (such as streams), fiversion
ditches, dikes, or clher suitshle means shall be used to prevent surface water from entering the
excavation sd to provids adequate drainage of the area adjacent ta the excavation.
Excavalions subject to enoff from heavy rains will rquine an inspection by 2 competent persen
and comphiance with paragraphs (b)(1) and (h)(2) of this section.

1926.651(3)
Siability of adjacent stractures.

1926.651(0(1

Where the sbility of adjoining buildings, walls, or other is end: d by
operations, support systems such as shoring, bracing, or \rndsrpmnmg shall be provided to
ensure the stabiBity of suck structures for the protection of employess.

T1926.651(0)(2)

Excavation: below the level of the base or facting of any foundation or retainhng wall that could
be reasonably expected to pose a hazard 1o employecs shall not be permitted except when:

1926.651{I(2) ([0}

A support system, such as underpinning, i8 provided to ensure the safety of employess and the
stability of the structure; er

1926.651(D(2)(0)

The excavation is in stable mck; or
~I926.651()(2)(5H)
1526.651({)(2)(H0)

A registersd professional engincer has approved the determination that e stuctute is
sufficiently removed from the excavation 50 a5 1o be unaffected by the excavation sctivity, or

1926.65 (IH2)v)

A registered professional engineer hias approved the determination that such creavation work
will not pose a hazard 1o employees.

1926.651(03)

Fall protection.

1926.651{1{1}

Walkways shall be provided where enployi i requived or ifted fo cross
over excavations. Guardrails which comply ml.h 1926 502(b) shall be provided where
wallavays are 6 feet (1.8 m) or more above lower levels,
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1926.652(n)

Protection of employess in excavations.

1926.652(a)(1

Fach employee in m excavation shall be protected from cave-ins by an adequate protective
system designed in accondance with pamgraph (b) or {c) of this section except when:
1926.652(a}(1)(i)

Excavations are made enifirely i steble rock; or

1926 .652¢a)( E)ii)

Excavations arg Toss than 5 feet (1.52 m) in depth and examination of the gronnd by a
competent person provides no indication of & potential cave-in.

1926,652(2)(2)

Protective systems shall have the capacity to resist without failure all Toads that arc infonded o
could reasonabiy be expected to be applied or transmitted to the system.

L1926.652(8)

19266525
Design of sloping and benching systems. The slapes and configurations of sloping and benching
systems shell be sclected and constructed by the employer or his designes and shall be in
accordance with the requirements of paragraph (6)(1); or, in the altemative, paragraph (©)(2)
or, m the allernative, paregraph (bY(3); or, in the alternative, parasraph (B)(4), as follows:
1926.652(b)(1)

Qption (1) - Allowahle configurations and slopes.

1226, 6320t (1)(§

Excavations shall be sloped at an angle not steaper than one and one-half harizontal to one
vertical (34 degrees meastired fram the horizontal), untess the employer uses one of the other
optians listed helow,

1926,652{b)1)(i)

Slopes specified in paragraph (b 1)} of this scotion, shall be excavated o form corligumtions
that exe i accordance with the slopes shovn for Type C sail in Appeadix B fo this subpart.

1926.652(0)(2)
Option (2) - Determination of slopes md configurations using Appendices A and B. )
allowable slopes, and allewsble confignrations for sloping and benching systems, shall be
determined in dance with the conditions and maqui et forth in appendices Aand B

to this subpart.



1926652 ()3

Option (3) - Designs using cther tabulated data.

1926.652{0)3)i)

Designe of soping or benching systems shall be selected from and in accordance with tabulated
data, such as tables and charts.

1926.652(b)(3 )i}

The tabulted data shall be in written form and shall include 21l of the following:

I P26.652(BMINENHA)

1826, 632M3NA(AY

Tdentification of the parameters that affect the seloction of a slopitg or benching system drawn
from such data;

1926.652(b)(3) (& (B}

identification of the Limits of use of the data, to inclide the magnitnds and conignration of slopes
determined ta be safty;

192665203 (C) .

Explmatory infonnation as may be necessary to sid he vser in moking a correct selection of 2
protective systein fiom the data.

1926.632(D)(3) (7}

At least one copy of the tabulated dala which identifies the registersd professional enginesr who
spproved e data, shall be mamtained at the jobsite during constiction of the proteetive
system, Afler that time (he data may be stored off the jobsite, but a copy of the data shall be
made available to the Secretary upan request.

1826.652

Option (4} - Design by a mgistered professional engingsr,

1926.652(b)(4)G)

Steping and benching systems not ulilizing Option (1) or Option (2) or Option (3) under
paragraph (b} of this section shall be approved by a registered professional engineer.
1926.652(b)(4)(i)

Designis shall be i writhen form and shall include at {east the follayving:

1926.632(b)(A)G)A)

‘The magnitude of the slopes that were determined o be safe for the perticular project;
I926.632(NEB)

1926.652(5)(4)(i)(B)

The configurations that were determined to be saft for the pacticoular project;

1926652 (DAY

The identity of the repiskred profissional engineer approving the design.

1526 852(b)(NGil)

Al least one copy of the design shall be maintained at e jobsite while the stope Is being
constructed. After that time the design nesd not be at the jobsite, but a copy shall be made
available to the Secretary upon request.

p h as may be y to aid the user in meking a cormet selection of a
protective system from the data
1926.652(c)(3)(1ii)
At least one copy of the labulated data, which identifies the regisiered professional engineer
who approved the data, shall be maintained et the jobsita during construction of the protective
systen. After that time the data may be stored off the jobsite, but a copy of the data shall be
made available to the Secretary upon request.
1926.652(e3(4
DOption (4) - Design by a registered professional enginesr.
1926.652(c)(4)60)
Support systems, shield systems, and other proteetive systems not utilizing Option 1, Option 2
or Optian 3, above, shall be approved by a Tegistered professional engineer.
1926.652(e)(4) ()
Designs shall be in written form and shall include ti¢ following:
1926634 (H)(iiHA)
A plan indicating the sizes, types, and configurations of the materials 1o be used in the protective
system; and
1926.652{c)(4)(i1){B)
The identify of the registered professinnal engincer approving the design,
1926.652(c)(4) (iii)

1926,65H(c)(4)(iii)

At least anc copy of the design shall be maintained at the jobsite during construction of the
profective system. Afier that time, the design may be stored ofF ihe jobsite, but a copy of the
design shall be made available fo (he Sceretary upon reqost,

1926.652(d)

Materdals and equipment.

1926.652(d)(1)

Materials and equip used for p ive systems shall be free from damags or defeots that
niight impair their proper fimcfion.

1926.652(d)2)

Manufaciured materials and equipment vsed for protective systems shall be used and maintamed
in 2 maner that is consistent witk Bie reco dations of the er, and in 2 manner
that will provent employee expasure 1o hazsrds,

1926.652(d)(3)

When material or equipment that is used for protective systems is damaged, a competent person
shall examine the material or equipment and evaluate jts snitability for continued use, I e
compelsnt porson caumot assure the materiol or equiprment is able to support the ivended londs
or s otherwise suitable for safe use, then such material or equipment shall be removed from.
service, and shatl be evaluated and approved by a registered professional engineer before being
retuimed to service.

1926.652(c)

Tnslallation and removal of support -

1926.652(c]

Design of support systems, shield svstems, and cther protective systems. Designs of support
systems, shield sysiems, and other protective systens shall be selected and constructed by the
employer or his designee and shail be in dance with the requi of wh (c3(1);
or, in the allemafive, parazraph (€)(2); or, in the sitemaiive, paragraph (©)(3); or, i the
aliemative, paragraph (6)(4) as follows:

1926.652{c)(1)

Onption (1) - Designs using appendices A, C and D, Designs for timber shoring in renches shall
be determined in accordance with the conditions and requi set forth in dices A
and C to this subpan. Designs for aheminam hydraulic shoring shall be in accordamce with
paragraph (£X2) of this scation, but if manufacturer’s tabulated data cannot be utilized, designs
shall be in accordance with appendix D.

L I826.652((2)

1926.652(cHZ

. Ospfion (2) - Designs Using Mannfacturer’s Tabulated Data,

1926.652(c)2)(i}

Design of suppart systems, shield systems, or other protective systems that are drasor from
manufacturer’s tebulated data shall be in acoordance with all specifications, recommendations,
and hmitations issued or made by the manufacturer.

1926.652(cH2)({)

Deviation from the specificatioms, recommendations, and limitations issued or made by the
manufactarer shail only be atlowed afier the manufacturer issues specific written approval,
1926.652(c){Z) (i)

Manuf ’s licat dati and limitations, and 's approval fo
deviate from the specification: dati and limitations shall be in written form af the
jobsite during constraction of the profective system. After that time this dala may be stored off
1he johsite, but 2 copy shall be mads available 1o the Secretary upon request.

19266531643)

Qiption {3) - Designs vsmg other tabulued data,

1926.652(633)7)

Designs of support systems, shield systems, or other protective systems shall be sslected from
and be in accordanes with tabulated data, such as tables and charts,

1526852 e} (3}

The tabulnted data shall be in wrinen form and inclede ol of the follawing:

1926.652(c) (3)F)(A)

Identification of the parameters that affect tie selection of & protective system drawn from such
data;

-I1926.652(c)(3)(THB)

1926.652()(3) (H){B)
dentification of the limils of uso of the date,
1926.652(HANENC)

1926.652(c}(1)

General.

1926.652(eX1)G)

Members of support systems shafl be scoarely conmgeted together to prevent stiding, falling,
Kickouls, or other predictable feilure.

1926, 632(e) (D)0}

1926.652(e)1)(iE} -
Support systems shall be installed and removed in o manner that protects employees from cave-
ins, structural collapses, or from heing struck by members of the support system.

1526,652(e) 1)(if)

Individual members of support systems shall not be subjected ta Ioads exceeding those which
those members were designed 1o wilhstand.

1526.652(c}{(1)(v)

Before temporary removal of individ hers beging, additional precautions shall be taken
to ensurc the safety of cmployess, snch as installing other structral members to carmy the loads
imgased on the support system.

1926.652(e) (1))

Removal shall begm at, and progress from, the bottom of the excavation. Members shall be
released skwly so as to note any indication of possible failure of the remaining members of the
struchure or possible cave-in of the sides of the excavation.

1926.652(c)(1)v3)

Backfilling shall propress together with the removat of suppart systems fom excavations,
I926.652{2)(2)

1926.652(e)2}

Additional requircments for support systems for trench excavations.

1926,652(c)(240)

Excavation of materinl 1o a level no greater than 2 feet (81 m) below the bettem of the
sembes of & suppozt system shall be permitted. but only if the system is designed to resist the
forces calculated for the Fell depth of the trench, and fiere are no indications while the rench is
open of & possible losz of soil from behind or below the botiomn of (ke support system,

1926, 8522} (2)45)

Instaliation of a sepport system shall be closely coardinated with the excavation af trenches,
1926.652(0)

Sloping and benching systems. Employees shall not be permitted to work on the faces of stoped
or benched excavations at levels above other employees except when emplayees at the Jower
levels are adequately protocted from the hazard of falling, wlling, or skiding material or
cquipmenL

1926.632{g)

Shield systems -

1926.652{g)(1)

General.



1926.652(2)(1)(i}
Shigld systems shall not be subjected to loads exceeding those which the system was designed
to withstand.
1926652 (m(1 i)
Shislds shall be instalied In a manner lo restrict lateral or other hazardous movement of the
shield in the event of the application of sudden kiteraf loads.

1926.852{p)(1) (i)

Employees shall be protected from the hazand of cave-iss when entering or exiting the areas
protecied by shields,

19266 52{g}(1) (v}

1926.652{a)(1
Employees shall aot be afiowed in shields when shields are being instalied, removed, or moved
wertically.
1926.652(g)(2}
Additional rerquirement for shicld systems psed in irench excavations. Excavations of garth
material to a level not greater than 2 feet (61 m) below the baitom of a shield shall be
pesmitied, bul only if the shield is desipned to resist the forces calculated for the full depth of the
trench, and there e ao indications while the trench is open of a possible loss of soil from

. behind or below the bottom of the shield.

{2) Scope and appfication - (1) Scope. T}us appenrln\ descn'bcs a meﬂlurl ol'cl:ss;ﬁtmg soil and

rock deposits based bri site and enviranmental conditions, and on the structure and composition
of the earth deposits. The appendix contoins definitians, sets Forth requirements, and describes
acgeptable visual and manunl tests for use in classifying soils.

(2) Application. This appendix applies when a sloping or benching system is designed in
accordance with the requirements set forih in 1926.652(b)(2) as 2 methad of protection for
employess from cave-ins, This appendix also applies when timber shoring for excavations s
desigied as amethod of protection from cave-ins in accordamee with sppendix C to subpart P
of part 1926, and when aluminunt hydrsulic shoring is designed in secordaee with ppendix D,
This Appendix also applies i other protective systems e desigred and sclocted for nse from
data prepared in d with the i set forth in 1926.652{c), and the use of the
data is predicated on the use of the soil classification sysiem set forth in this appendix.

(&) Definitions, The defnitions and les given below are based om, i whale ot in part, fae
followng; American Society for Testing Materizls (ASTM) Standards D653-85 and D2488;
“The Unified Soils Classification System; The ULS. Depariment of Agriculiure (USDA) Textural
Classification Scheme; and The National Bureau of Standards Report BSS-121.

"Cemanted soil™ means 5 moil in which the partlcles are hold togathar
by

a chemical agent, such as calcium carbenzte, such that a hand-sizs
sampla

cannot be crushed inta pewdsr or individual seil particles by finger
prassurs.

inte the excsvation ou & slope of four horizoptal to ore vartical
(4H:1V)
or greater; a:z

[v} The msterizl iz subject te other facters that would zeguirpe it o
he
clagsified as a less stshle material.

"Type B" means:

(i) Cohesive 26il with an unconfined compressive strength grasater than
0.5 tsf (48 kPa)} hut less than 1.5 taf (144 kPa); or

{ii] Gramular cohesionless soils including: angular gravel fsimilar to
erushed rock), sile, silt loam, sandy Zo2m and, in some cases, ailty
clay

loam and sandy clsy losm.

{iii) Previeusly disturbed se6ils sxcepr those which would ctherwize ba
clzssed as Typs C sell.

{iv) Sail that meets the unconfined compressive strength or cementatien
requirements for Type A, but 1= fissured or subject to vibration; or

{v) Dry xock that is not steble: or

{vi) Material that is part of a sloped, layered system whera the levers
dip into the excavation on & slope less steep than Ffour herizental te
ona
vertical (4H:lV), but only if the matorial would ctherwisze be classified

23 Typs B.

*Typs £° means:

i} Cohesive eeil with an unconfined compressive strength of 0.3 tsf
{48
XEs] or lass; or

{ii) Gramular sells including gravel, sand, and loamy sand: or

{i11) Submerged soil or soil from which water Ls freely sseplng; or

{iv] Submerged geck that is nob stable, or

{v) Msterial in a sloped, layered system where the layers dip into the
excavatlon or a slope of Four horizontsl to one wertical [4H:1V] or
steepar.

"Unconfined compressive strength" meens the lead per unit area st which
= soil will fall in compression. It can be determined by laboratery
testirg, or estimated in the field vaing a pockat panatrometer, by thumb
penatration tests, snd other methods,

"Wat Soil™ mesns soil that contains significankly more moisturs than
meist soil, but in such a range of values that cohesive material will
=lump or begin to flew when vibrated. Granular meterisl that would
exhibit
cohosive propertiss when moist will lose those cohesive properties when
wet.

(c) Requirements ~ (1) Classification of soil and rock deposits. Each soif and rock deposit shall
be classificd by a competent person as Stable Rock, Type A, Type B, or Type Cin
sccordance with the definitions set forth in paragraph (b) of this sppendix. .

{2) Basis of classification. The classification of the deposits shall be made Eﬁsed on the results of
at least one visual and al loast one meanual asalysis. Such analyses shall be conducted by 2
competent persan wsing tests deseribed in parapraph {d) below, or in ofher meognized methods

UéeHEsive mEtEETE

“Cohaslve s5il” means clay (fine grained soil], or seil with & high
clay
content, which haa cobesive strength. Cehssive soil dues not crumbla,
can
be excavated wlth werticel sideslopes, and is plastic when moist.
©ohesiva 50il is hard to break up when dry, and exhibits significant
cohesion when submerged. Cohesiva sells include clayey silt, sandy clay,
silty clay, cley and organic clay.

“bry soil® means soil that doss not exhibib viszible signs of meistuce
content.

"Figsured" mezns s soil matecial that has & tendency to bresk alang
definite plznes of frasture with lircla resistance, or = materlal that
exhibits apsn eracks, such as tensign crscks, in an exposed surfsce.

"Granular 50il” mesns graval, sand, or silt {coarse grained soil) with
little ar ne oiay content. Granular soil hes ne cohasive screagth. Some
maist granular scils exhibit apperent cohesion. Granular s0il cannot be
moldad when meist and crumblss easily when dry.

"Layered system" means two or mors distinctly diffesrent seil ar zock
typez argsnged in layers. Micacesus seams or weakened planes in rosk or
shale are copsidersd laysrad.

*Moist sall® means & condition in which = =il lacks and faeis damp.
Meist cohesive 50il can =asily be shepad into a ball and relied inta
small
diameter threads before crumbling. Meist granular soil that contains
soma

WILLl EXRIBIE Slgds of coheslon Betuseh particles.

"Plastic” mesns = preperty of a meil which sllows the soil to be
defemmed or malded without cracking, or apprecisbls volume changs.

rSaturated soil”™ means & s0il in which the voida are flllsd with watar.
Saturarisn Soes not regquire flow, Ssturaticn, or near saturation, is
necagsary for the proper sz of instruments such as a pockst
penstrometer
or sheer vane.

"Soil classification gystem® mesns, far the purpose of this subpart, =
method of cstegorizing seil and rock deposite in a hierarchy of ftabla
Rock, Type A, Type B, and Type C, in decressing order of atability. The
categories sre determined based on an &uslysis of the propertles and
performance charactsristics of the depasits and the characteristics of
the
deposits and the environmentsl cenditions of exposure.

“stable roek" means natural solid mineral matter that can be excavated
with verticel sides end remaln intact while exposad.

"Submerged soil® mesns soil which is underwater or is free seeping.

"Fype A" means cohesive soils with an unconfined, cempressive strength
of 1.5 ton per sguars foot {tsf} (144 kPa] or greater. Examples of
cchasive soils are: clay, silty clay, sandy clay, clay losm snd, in some
cages, silty lay loam and sandy clay leam. Cemented scils such as
caliche
and hardpan are alsc considered Typs A. Howevar, no soll iz Type A ifs

(i} The soil is fissured; or

{ii) The =oil iz sumject to vibration from heavy traffis, pilse driving,
er similar sffectss or

fiiiy The soil has besn previously disturbad; or

{iv) The seil is psrt of = slapsd, layered system whére the layers dip

of soil classification md testing such as those adopled by the American Scciety for Testing
Materials, or the U.S. Department of Agriculturs textural classification sysiem.

) Vlwal and manua? analyses. The visual md manual melyses, such as those noted as being

in h (d) ofl.hls ppe dix, shall be designed and conducted to provids
sufficient itative and quali i fion 5 may be necessary o identify propedy the
propertics, factors, end cmd.mms affecting the classification of the depesits.

(4) Layered systems, In 5 layered system, the system shall be classified in accardance with its
weakest layer. However, each laver may be classified mdividually where 2 more stable layer lies
under & less stablo layer.

{3) Reclassification. If, after classifying a depesit, the prepertics, factors, or conditions affecting
its ciassification change in ay way, the changes shall be evaluated by a competent person. The
deposit shall be reclassified as necossary ta reflect the changed circumstances.

(d) Aocepmb]e vxsuﬂl and manual fests. - {1) Visual tests, Visuzl analysis is conducted to

infonnation ding the ion site in general, the soil adjncent o the
excavation, tha scil forming the sides of the opea excavation, and the soil taken as samples from
excavaied material,

(i) Cbserve samples of soil that are excavated and sofl in the sides of the excavation, Estimats
the renge of particle sizes and the relative amounts of the parficle sizes. Soif that is primarily
composed of fing-grained materis] material is cohesive material. Soil composed privzarily of
coarse-grained sand or gravel is granular malorial,

i) Observe sofl as it is excavated. Scil that remains in chumps when excavated is cohesive. Soil
that breeks up easily and does not stay in clumps is granular,

(i) Qbserve the side of the opened excavation and the surface arca adjacent to the excavation.
Crack-Eke openings such as tension cracks conld indicate fissured rnaterial. If chunks of soil
spall off a vertical side, the soil could be Bssured, Small spalls are evidente of moving ground
and are indications of polentially hamrdoos simations.

(iv) Observe the area adjacent to the excavation and the excavation itself for evidence of
existing utility and other underground stractures, and to identify previsusty disturbed soil

(%) Observed the opened side of the excavation to identify layered systems. Examine layered
systerus to identify if the kayers slope toward the ewcavalion, Estimate the degree of slope of the
layess.

{vi) Observe the area adjacent to Ihe excavation mnd the sides of the opened excavation for
evidence of surface water, water seeping from the sides of the excavation, or the location of the
level of the water table.

{vif) Observe the area adjacent to the excavation and the arva wilkin the excavation for sources
of vibmation that nay affect fie stability of the excavation face.



(2) Marmal tests. Manual analysis of soil smmples is conducted to determinie quantitative as well
as qualitative properties of soil axd to peovide more information in order ta ckssify soil
progerly.

(@) Plasticity. Moid a moist or wet sample of soil into a ball and attempt to ol it into thieads s
thin zs 1/8-Inch in dismeter. Cohesive material can be successfully ralled into treads withont
crumbling, For example, if at least & two inch (50 mm) length of L/8-inch thread can be held on
one end without tearing, the soil s cohesive,

{ii) Dry strength. If the sotl is dry and crambles on its own or with moderats pressure inla
individual grains or fine powder, it is gramlar (any combination of gravel, sand, ov 5. If the soil
is dry and falls inta clunps which hreak up into smalter clumps, but the smalter clanips can only
be broken vp with difficulty, it may be clay in any combination with gravel, sand or silt. If the dry
soil bresks into clurmps which do not break up into small clumps and which ¢zn only be broken
with difficulty, and there is na visual ndicagion Use soil is fissured, the soil may be considered
wniisared.

(2] Thumb penetration, The thumb penetration test ean be used to estimate the unconfined
compressive strength of cohesive sofls, (This test is based on the Bumb penetration test
doscribed in American Saciety for Testing and Matertals (ASTM) Standard designation D2488
- "Standard Recormended Practice for Description of Soils (Visnal - Manual Procedure)."}
Type A soils with an unconfined cormprossive strengih of 1.5 15 ¢en be reodily indented by the
thumb; however, they cean be penetrated by the thub only with very preat effort. Typs C soils
with in unconfined compressive strength of .3 tf can be easily penetrated several inches by
the thumb, and can be molded by Bght finger pressure. This test should be conducted an a1
undistarbed soil sample, such as a large clump of spoil, as soon as practicsble after excavation
to keep 10 2 sninimom the effects of exposure ko drying influences. 17 the excavation is later
exposed to wetting influences {rain, flooding), the classification. of the soil must be changed

(v) Other strength tests, Estimates of inconfined ive strength of soils can also be
obtained by use of a pocket peretrometer or by vsing a hand-operated shearvans.

() Drving test. The basic putpose of the drying test is to differentiate between eclicsive material
with fissures, imfissurcd cobesive material, and gremlar material. The procedure for the drying
test iinvolves drying a semple of soil that is approximately anc Inch thick (2.54 cm) and six
inches (1524 om) in dismeler wntil it is haroughly dry:

(A)If the sample develops cracks as it dres, sipnificant fissures are indicamd.

(B) Saniples that dry without cracking are to be broken by hand, I considershle force is
necessary fo break a sample, the sof has significant cohestve material content. The sofl can be
classified as an unfissured cobesive material and the unconfined compressive srength should be
determined.

rodnoed belovr the maximum allowable slope, and shall assurs that such reduction is achiceved.
Surcharge loads from adfacent structures shall be evatated in accordanes with § 1926.65140).

(4) Configurations. Configurations of sloping and benching systems shall be in accordance
with Figure B-1,

TABLE B
MAXIMUM ALLGWABEE SLOPES

SOIL OR ROCK TYPE MAXIMUM ALLOWABLE SLOPES (H:VY1)
FOR EXCAVATIONS LESS THAN 20 FEET
DEEP(2)

STABLE ROCK VERTICAL (907)

TYPEA (2) 341 (33°)

TYPEB 151 (859

TYPEC 1341 (349

Footnate(1) Numbers shown in parentheses next 1o maximum allowable slopes are meles
expressed in degrees from the horizantal. Angles have been rounded off.

Footnole(2) A short-tem masimur allowable slope of 2H:1Y (63% s allowed in excavations
in Type A soil that are 12 feed (3.67 m) or less in depth. Short-term madraum alowabe slopes
for excavalions grester than 12 feet (3.67 m) in depth shalt be 3AF:1V (539,

Footnote(3) Sloping, or benching for excavations greater than 20 feet deep shall be designed by
a registersd professional engineer,

Figare 5.1
Slope Confipurations
{All slopes stated below are in the horizontal to vertical ratio)
B-1.1 Excavations made in Type A soil.

L. All simple slope excavarion 20 feet or less in depih shall have a maxinum allowable stope aff
el

{Cy ¥ a sample breaks easily by hand, it is either  fssved cohesive material or a granular
spteriol. To distinguish betwesr: the two, pulverize the drisd chunps of the sample by hand or
by stepping on them. If the clumps do not pulverize easily, the maerial is cohesive with fissures.
1f they pulverizs casily into very small fragments, the realerial is granular.

{2} Scope and applicatiar. This sppendix contains specifications for slaping and benching
whtn used as methods of protecting employees working in excavations from cave-ins. The
Tequirements of this appendix apply when the design of slopme, and benching protechive systems
is to be performed in accordance with the requirements set forth in § 1926.652(6)(2),

(b} Definitions.
Actual sfope means the slope to which m excavation face is excavated,

Distress meams that the soil i in o condition where 2 cave-in is imminent or is ikely to occur.
Distress is evidenced by such phenorena as the development of fissurcs in the face of or
adjacent to an open excavelion; the subsidence of e edge of an excavation; the shunping of'
materiat from the face or the bulging or heaving of material from the bottom of an excavation;
the spalling of materizl from the face of an excavation; end ravelling, i.¢., small amounis of
material such as pebbles or Lttle clumps of materiaf suddenly separating from the face of m
excavalion and kicking or rolling dovs inte the excavation.

Mz eliareable slope mems the stegpest incline of mn excavation facs that is acvoptatle
for the most favorable site conditions 25 protection against cave-ins, and is expressed as the
ratic of horizontal distance to vertical mise (HlV).

Short term exposure means o period of ime less than or equal to 24 hours that an excavation
is open.

(&) Reguirements - (1) Soil classification. Soil and rock deposits shall bre classified in
accordance with appendiz A to subpart ' of part 1926,

(2} Maxinnim allowable skspe. The maxinem alowshle slope for a soil or rock depesit shall
be deterrmined from Table B-1 of this appends,

{3} Actual siope_ (i) The actusl slope shall not be steeper fhan the maximum allowsbie slope,
(if) The actual slope shall be fess steep than the meximum allowable stope, when there are signs
of distress. If that situation oceurs, the slope shall be cat back to mn actual slope whick js at least
¥ horizontal 1o ane vestical (4H:1V) less stocp than the masimume allowable dope.

(iif) Whex: surcharge loadls from stored material or equipment, operating equipment, ar traific
are present, a competent person shall detenning the degree to which the acal slope must be

STMPLE SLOFE -- GENERAL

Exception: Simple slope excavations which are open 24 hours or less {short term) and which
are 12 fest or Jess in depth shall have a maximum allowable slope of 441,

SIMPLE SLOPE -- SHORT TERM

2. All benched excavations 20 feet or less in depth shall have a maximum: allewable slape of 3/4
to I and masimum bench dimensions as follows:

SIMPLE BENCH



MULTIPLE BENCH

3, All excavations & feot ar loss in depth which have unsopported vertically sided lower portions
shell have a maximum vertical side of 3% fest.

UNSUPPORTED VERTICALLY SIDED LOWER PORTION -- MAXIMUM B FEET IN
DEFTH)

All sxcavations more than 8 foet but not more {han 12 feet in depth with unsupported vertically
sided lower portions shall kave a maximuom allowable slope of 1:1 and & madmum vertical side
of 3% feet.

UNSUPPORTED VERTICALLY SIDED LOWER PORTION - MAXIMUM 12 FEET N
DEPTH)

This baach allowed in ccheaive 20il emly.

SINGLE BENCH

This banch allowed io cohesive cail aoly

MULTIPLE BENCH
3. All excavations 20 feet or fess in depth which have vertically sided lower portions shall be
shiglded or supported o a height at least 18 mehas abave the top of (he vertical side. All such
excavations shall have e maximum allowahle slope of 1:1.

Support or shiuld syevem

jTotal Baighz of weycicd] wide

| VERTICALLY SIDEDLOWER PORTION

4. All other sloped excavations shall be in socordance with the other options permitied in §
1926,652(8),

B-1.3 Excavations Made in Type C Soit

Al excavations 20 fzet o less in depih which have vertically sided lower portions that aee
supporied or shielded shall have 2 maximum allowshle slope of %41, The suppott or shield
systern must extend af Jeast 18 inches dbove the top of the vertical side,

t_or ahi.

207 Max. e

Hia,

Torst height of vertical aide

SUPPORTED DR SHIELDED VERTICALLY SIDED LOWER PORTION

4, All other simple siope, compaund slope, and vertically sided lower parfion excavations shall
be in accordance with the other options permitted under § 1926 652(b).

Soll

1. Al simple slope excavations 20 fest or Jess in depth shall have s maximum allowable slope of
1L

20" Mrx,

SIMPLE SLOPE

2. All benched excavations 20 feet or less in depth shall have & mmximum allowable slepe of 1:1
and maximum beneh dimensions as follows:

1. All simple slope excavations 20 feet or less in depth shall have a maximum allowsble slape of
1%:1.

20° s
J——_ '
W
SIMPLE SLOFE
2. All excavations 20 foct or Joss in depth which have vertically sided lower portions shall be
shielded or supported to a height at feast 18 inches abave the top of the vertical side. All such
excavatians shall have a maxinum allewable slope of 1321,

Suppart or shivld speves

lru:.I baight of vevcical aide

VERTICAL SIDED LOWER PORTIGN

3, All other sloped excavations shall be in accordance with the other options. permitted in §
1926.652(6).

B-1.4 Excavations Made in Layered Seils

1. All exxavations 2 fest or less in depth made in layerad soils shal! have 2 maximum allowable
slope far each {ayer as set forth below.



BOVER A

COVERA

COVERB

AQVERB

(3} Informaticn explaining the usz of the tabnlar data is presented in paregraph () of this
appendix

(4) Information Mlistrating the use of the tabular dat is presented in parapraph () of this
appendix,

(3) Mseellancous notations regarding Tables C-1.1 {hrough C-1.3 and Tablss C-2.1 through
C-23 are presented in paragraph () of this Appendix

(d) Basis and limitations of the data. - (1) Dimensions of tnber members, (i) The sizes of the
timber membess Bsted in Tables C-1.1 through C-1.3 are taken frons the Mational Bursau of
Standards (NBS) report, “Recommended Tochaisal Provisions for Construction Practies in
Sharing and Sloping of Trenches and Excavations." in addition, where NES did not recommend
specific sizes of members, member sizes are based on an analysis of the sizes required for mse
by existing codes and on emypirical practice,

(il) The required dimensions of the members listed in Tablss C-1.1 fhrough ©-13 refer to actual
dimensions and not nominal dimensions of the tunker, Employets wanting (o use nominal size
shoring are directed to Tables C-2.1 through C-2.3, or have this choice under 1926 652(c)(3),
and are referred to The Corps of engi . The Burean of Reclaration or data from other
acceptable sources.

{2} Limitation of application. (i) It {s not intendod that the timber shoring specification apply to
every situation that may be oxperienced in the field. These data were developed 10 apply to the
situations that are most commonly expenienced in cumrent frenching practics, Shoring systems for
use in situations that are not covered by the data i this appendix must be designed as specified
in 1926 653{c),

({i) Whent any of the fullowing conditions are present, the mentbers specified in the tables are not
considered adequate. Either an alternale imber shoring system must be designed ar another
type of protoctive system designed in accordance with 1926.652.

() When loads impesed by structures or by stored material adjacent to the trench weigh in
excess of the load imposed by a two-foot soil surcharge, The term "adacent” as used here
means the arca within a horizontal distmics from the edgs of the trench equel to the depth ol the
wench,

{B) When vertical loads imposed on cross braces ¢xeeed a 240-pound gravity load distributed
on a one-foot section of the center of the crossbrace.

{C) When surcharge loads ars present from equipiment weighing in excess of 20,000 pounds.

(D} When ony the Jower portion of a trench is shored and the remaiming portion of the trench is
sloped ar benched unless: The sloped portion is sloped at an angle less steep than three
horizontal to one vertical; ar the members are selected from the tables foruse at a depth which
is delermined from the top of the overall tench, and sot fom the toe of the sloped portion.

AOVERC

BOVERC

2. All ether slopad excavations shall be in accordance with the other aptions permitted in §
1626.652(k).

(a} Scope. This appendix contns information that can be used when timber shoring is proyided
25 amethod of protection from cave-ins in trenchos that do not exceed 20 feet (5.1 m) in depth.
‘This appendix st be usod when design of timber shoring protective systems is fo be
performed in acoordance with 1926.652(c)(1). Othier timber shoring configurations; other
systems of support such as kydranlic and prevmatic systems, and other protective systems such
a5 sloping, benching, shielding, and fieezing systems must be designed in accordance with the
requiccmenls set forth in 1926.632(b) and 1926.652(c).

(b) Seil Classification, In order o nse the data presented in this appendix, the soil type ertypes
in which the excavation is made must first be determined using the soil classification method set
farth in appendix A, of subpart P of this part.

(<) Presentation of Informaticn. Information is pressnted i several Forms as follows:

(1} Information is presented i fabular form in Tables C-1.1, C-1.2 and C-1.3, and Tebles C-
2.1, C-2.2 and C-23 follwing paragraph () of the appendix. Each table presents the
mininm sizes of timber mewmbers to use in a shoring, systen, md each teble contains data only
for the particular soil type in which the fon or portion of the ion s made. The
data are arranged fo allow (he user the flexibility to select from omong several aceeptable
configimations of members based on varying the harlzontal spacing of the coossbraces. Stable
rock is exempt from shoring requirements and herefore, ne data are presented for this
condition,

(2) Information conccrming the basts of the tabular data and the limitations of the data is
presented in paragraph {d) of this appendix, and en the tables hemselves.

(5} Use of Tables. The members of the shoring system that are 10 be selected vsing this
information are the cross braces, the uprights, and the wales, where wales are required.
Miniratrn sizes of neembers are specified for use in different types of soil. There arc six tables of
mfermation, two for each soil type. The soil type must first be determined in accordance with
the soil classification system described in appendix A to sobpat P of part 1926. Using the
sappropriate {able, the seloction of the size and spacing of the members is then made, The
selection is based on the depth and widih of the trench where the members are to be installed
and, in most instances, the selection is also based on the horizomtal spacing of the crossbraces.
Instances where a choice of horizontal spacing of crosshracing is available, the horizontal
spacing of the crossbraces must be chosen by the user befors the size of my member can be
determined. When the soil fype, the width and depth of the trench, and the horizontal spacing of
the erosshraces arg known, the size md vertical spacing of the crossbraces are known, the size
and vertical spacing of the crossheaces, the size and vertical spacing of the wales, and the size
and horizontal spacing of the uprights can be reed from the approprizfe table.

{f) Examples fo Mustrate the Use of Tables C-1.1 through C-1.3.
{1) Example 1.
A trench dug in Type A sofl is 13 feet deep and five foct wide.

From Table C-1.1, for accepiable errangements of timber can be used.

Arrangemest $1
Space 4Xd crosskracas at six fost horizentally and Four Feet
vertically.

Wales are mot required.

Spsce 3X8 uprights at slx fest hosizontally, This arrangement ia
commenly callad "skip shoring.™

Arzangsment #2

Spsee 4XE crossbraces at eight fest horizentslly =nd Four fest
vertically.

Space BXE walss st four fesc verticelly.

Spsce 2X& uprighte= =t four feet harizentally.

Arrspgsment 33

Spscs &Xa croszbraces at 10 fest horizonbtally and faus vertioally.
Spsce BXID wsles at four fast vertieally.

Spacs 2X3 uprights at five feet horizontslly.



Arrangament I4

Epace &X6 crossbraces at 12 fast horizontally and four feet vertically.
Space 10X10 wsles st four feat vartically.

Space 3X8 uprights at sixz feet horizentally.

(2) Exawple 2.

A trepch dug in Type B #£0ll is I3 fasr deep and five fest wide. From
Tabla C-1.2 thres acceptable arrzngemsnts of members are listed.

Arrangement Fi

Space BX6 crosshrmees ab six faet horlzentally and five fset
versically.

Space 8X8 wales at Ffive feet wertically.

Epace Z¥E wprights st two feet herizentally.

Rrrangement £2
Space 648 crossbraces at eight Feat horizentally and five fest
vertically.

Space L0X10 wales =t Five feet vertically.

Space 216 uprights at two fest horizentally.

Acrangement &3

Spaca BXE crossbraces at 10 fest horizontslly and five fset vertically.
Space 10X12 wales at £iva feet vertlically.

Space 2K5 upzights at twe feet vertieally.

13} Example 3.

A trench dug in Type C soil iz 13 feet deep and five fest wlde,

From Table €-1.3 twe acceptable arrangements of members can be usad.
Arrangement #1

Space 818 crossbraces st six feet horizontsliy and five Feset
vertically.

.
5.1 the vertical distance from fhe centee of the lowsst crosshrace to the bottom of the trench
exceeds two and one-half feet, aprights shall be fimly embedded or a mudsill shall be used.
“Where nprights ars embedded, the vertical distance from the center of the Iowest crossbrace to
the botiom cf the trench shali not exceed 36 inches. When mudsills are used, the vertical
distance shall not exceed 42 inches. Mudsills are wales that are stalled at tho tow of the trench
side.

6. Treuch jacks may be used in Lieu of or in combination with tinber crossbrac:

7, Placement of crossbraces. When the vertical spacing of crossbraces is four feet, place the
top crossbrace no more than two foet below the top of the trench. When the vertical spacing of
crossbraces is five feet, place the top crossbrace no mors than 2.5 feat below the top of the
trezich.
TABLE €-1.1
TIMBER TRENCE SHORING -- MINIMUM TIMBER REQUIREMENTS *

S50IL TYPE A P([s) = 25 X H + 72 psf {2 ft Surcharge}

SIZE (ACTUAL] AND SPACING OF MAMHERS *+

I
t
|
PEFTH |
| CROSE BRACES
oF |
1 1 L
| HORIZ.| WIDTH OF TRENCK [FEET} | VERT.
TRENCE | SEACING| 1 SEACING
! 1 | 1 | 1 1
1 UE TO | UP TO ) UZ TO | UP TO | UP TO §
{FEET}| (FEET}| 4 | 4 1 9 | iz ] 13 1 (FEET)
- 1 | 1 | 3 1
1 1 | 3 | 3 3
1 UP T0 | | £ | r
b8 | dAX1 ] 4Ké | 4K | BXE | & 4
5 L 1 1 L | |
t i i I i |
™ | UP TO | ] | i |
| B 1 d4X4 | 4X& | 4¥6 | 6XE | EXS ]
| £ | i i 1
10 | £ 1 | I i
| P TO § | | I H
| 10§ 4X& | 4X5 | 46 | X6 3 BRE a
Il E | 1 L i
| t 1 1 | I
1 UE T | 1 ! 1 !
417 | %6 | a¥e | &X& | 5§ | 646 4
' | 1 1 1 1
1 | 1 1 1 I
i | 1 1 1 1

Up 10

Space 10%1% wales at five feet varzically.
Pomsition 2X6 uprlghts as closaly together as possible.

ed use specinl tangue znd groove uprights to

If waber must be sat
foxm
tight sheeting.

Arrangement $7

ht feet horizontslly and five feet

Space BK1D crosshraces at
verticslly.

Space 12X12 wales st five feet vertically.
Pogition 2x6 uprights in a elosa sheeting configuration unlass water
pressure must bs raslsted. Tight sheeting must be used where watar must

he
retainad.

{4) Example 4.

A tench dug i Typé C il 3520 feot 8éep and 11 ot ide. The size'md spacing of membeis ™
far the scotion of trench that is over 15 feet in depth is determimed using Table C-13. Only one
arrangement of members is provided,

Space 8X10 crossbraces at six feet horizontally and five fect vortically.

Space 12312 wales at five foct vertically.

Use 3X6 tight sheeting.

Use of Tables C-2.1 through C-2.3 would follow the same procedures.

() Nates For all Tabks.

1. Member sizes at spacings other than indicaicd are fo be determined as specified in
1926.652(c), "Design of Protective Systems.”

2. When condilions arv saturaled or submerged use Tight Sheeting. Tight Sheeting refers to the
use of specially-edged timber planks (e.., tongue and groove) at Least three inches thick, steel
sheet piling, or similar construction that when driven or placed in position provide a tight wall to
resist the lateral pressure of water md to prevent the loss of backfill material, Close Sheeting
refers to the placement of planks side-by-side allowing es liitle space as possible between them.

3. All spacing indicated is mensured center to cenfer.

4. Wales to be installed with preater dimension horizontal.

[ 8 f &xd ) dMe | 46 ) BKE ] &XE | 4
| i } | | 1 |
10 | H 1 | L 1 |
| UP TC | 1 1 1 i 1
| & | 4%8 | 4X& J BXK& | EX& | &Xs | ¢
| | | i | 3 |
2 | | | l | b |
[ | ] | t |
{10 | &X6 | 646 [ €¥6 | 648 | @Xa | ¢
i | | 3 | | |
15 1 1 | L 1 | |
1 TP TO | | | 1 | 1
| 12 | &%§ | BX6 | £X6 1 SXB | &X3 | 4
i 1 1 | ! | |
t 1 i | H | 1
I ue ro 1 1 3 1 1
| & & 6E6 | 6¥6 | GX6 | &x8 | &%8 | 4
| £ 1 I | 1 1
13 | F I | | i f
| UF TO | I 1 | 1 b
| B § 8X6 |} 615 | EX6 | 6X8 ] exe | 4
| b | 1 | i |
TO 1 | | 1 | [ |
1 UP TO | | 3 | 1 |
| 30 | B¥G | 8¥a [ @%@ | EXa | BX10 | 4
E | | r ) | |
20 f | i | i | !
| UP TO | | | i | 1
| 12 3 BXB | BXE | BXd | EXE | 8XL8 1 4
| i I | ] { i
|
OYER | SEE NOTZ 1
20 |
|
TABLE C-1.1
TIMBZR TRENCH SEORING — MINIMUM TIMBER REQUIREMENTS *
S0IL TYPE A& P{a) = 25 X H + 72 p=f (2 ft Surcharga)
: [Continued]
| i
1 5125 (PCTURL) AND SPACING OF MEMBERS *+
1 :
DERTH | N
1 WALES | UPALGKTS
oF |
3 i |
TRENCH} { VERT. | MAXIMUM ALLOWABLE HORIZCNTAZ SPACING
| 1 SEACTNG | (FEET]
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Altermatives to Timber Shoring
figure 1 — Aludinum Hydraulic Shoring
(For Figure E~1, Click Heze)

Figure Z - Pasumatic/hydraulic Shoring
{For Figure E-2, Click Hece}

Figure 3 - n Jacks [Screw Jacks)
Figure 4 - h Saisldz
(For Figure E-3 & 4, Click ¥are)

The following figiees are 2 graphic smmary of the requirements contained in sutpart P for
exoavations 20 feet or less in depth. Protective systers for usc in excavations more than 20 feet
i depth st be designed by a registered professional engineer in acoordancs with
1926.632(b) and {c).
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Flame ionization dstector (FID} - detect and measure arganic vapor concentations by producing
a response o an ¥Yokoown sample, which can be related to a gas of known composition with
which the instroment has previously been calibrated

40 RESPONSIBILITIES

Project Manager - The Project Munager is responsible for ensuring that, where applicable,
project-specific plans are in accordance with these procedures, or that other approved procedures
are developed.  Farthermore, the Project Manager is responsible for development of
docurnentation of procedures, which deviate from thase presented herein.

Field Team Leader - The Feld Team Leader is responsible for selecting and detailing the
specific equipment 1o be used, and d fing these in s with the Sampling and
Analysis Plan. 1t is the responsibility of the Field Team Leader to ensure thac these procedures
are implemented in the field and to ensuce tat pevsonne] performing sampling sctivities have
been briefed and trained to execule these procedares.

Excavation Personng! - It is the responsibility of the excavation personnet to follow industry
guidanee or project specific procedures for vacoum excavation. The Excavation personnel are
responsible for the proper collection of soils and backfilling per the approved SAP.

50 INTERFERENCES AND POTENTIAL PROBLEMS

See Section 9.0, Heakk and Safery.

6.0 EQUIPMENT AND SUPPLIES
Potential equipment needed for site environmental work may Include:

MiniRae@® 2000 (PID upit)
TVA 1000 (PID/FID unit)
Field dalz sheets
Decostamination equipment
Maps/plot plan

Safely equipment
Compass/Global Position System (GPS)
Tape measure

Survey stakes, flags

Cemera and film
Loghaokiwaterproof pea

R

7.0 CALIBRATION PROCEDURES

7.1 Calibratior of the TVA-1000
The six steps involved in the calibration of the TVA-1000 are as follows:

Page 2 of 10
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NOTE: THIS S0P IS5 A GENERAY. DOCUMENT, STTE-SPECIFIC CONDITIONS MAY WARRANT
CHANGES IN PROCEDURES AND APPLICATIONS. FIELD STAFF SHALL DOCUMENT ACTUAL
PROCEDYRES [N THE AFPROFRIATE FIELD LOGROOK.,

10 PURPOSE

This Standaed Operating Procedure (SOP) describes the procedures for operating and
matntaining PID or 4 combined PID/FID unit. The purpose of tis SOP is 1o document the
general protocols for field operations of the selected units.

The Foxborw Teade Crganic Vapor analyzer (TVA-1000) will be used 10 measure organic vapors
wsing multiple dezctoss, include the photoionization detector (P1D) and a flame ionization
detector (FID). The MiniRae® 2000 which uses & single detecior (PID enly) uses en nltraviolet
emitting Jamp designed to delect, measure and display the fotal concemration of aithome
ionizable gases and vapors. This information is used to determine contcol measores such us
protection and action levels. The PID alse detects total jonizables; hence it is nsed to moaitor
both organic and inorganic vapors and gases to determine relative coocentrations of air
comaminants. The data generated & used to establish Jevel of protection and other control
measuTes such as action levels. The PID cannot effectively detect compounds having ionization
potentials above the photon energy level of the lamp used; therefore, methane, which has an
fonization potential of 12.98 eV, cannol be detected by Pils, whose lamps are capable of
produciog 9.5, 10.6, or 11.7 eV

The FID is designed to detect and organic vapor tons by producing 2 ispense
to an unknown sample, which can be related o a gas of known composition with which the
instrument has previcusly been calibrmed. This information s vsed to determine control
measzres such as protection and action levels.

2.0 SCOPE AND APPLICATION

F1Ds and PIDs are used to detect and meastre volatile organic compounds. An FID or PID is
typically calibrated to measure the conceatration of 5 known calibration gas. The instrument can
detect other volatile organic compounds, bt the concentration indicated will not be aceurate.
Therefore, these instruments are typicatly nsed in the field 1o screen samples or lo moyitor the
enviranment for health and safety purposes.

Only qualified personnel will be dllowed to perform measurements with FIDs and/er PIDs. The
subcontrector’s Site Safety Officer will determine who is qualified based on experience and
demonstrated competence. Those qualified will use FIDs and FIDs in accordance with this SOP
and the maanfacher’s written instretions.

3.0 DEFNITIONS

Fhotoienization deteetor (PID) - ulttaviolet emitting lamp designed to detect, measure and
display the total concentration of airborne jonizable gases and vapors,

Page 4 of 10
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1. Tuen TYA-10(0 unit oa and allow to warm up. Define concentrations for Span gas for
bath PLD and FID.

2. PID uvses [sobotylene ar 100 ppm, and the FII} uses Methane at 100 ppm. Zero TV A-
1000 utilizing zero gas. Calibrate the PID utilizing Isobutylene at 100 ppm

3. Calibrare the FID utilizing Methage 2t 100 ppr.

4. TUpdate the background concentration.

5. Check values for PID/FID and recard these as Calibration Concentration either in Field
Logbook or en Data Sheet.

6. Check PID/FID 2ero. Muke sure reading return to zero prior to utilizing for collecting
YOC radings.

TVA-1000 should be calibrated to a minivana: every day at the beginning of shift, when ozit is
started, or when baseline shows excessive drift.  The calibration concentration should be wilhin
10% of known value.

7.1.1 Maintenance

Removable apd renewsble parts are inclvded in the Foxboro TVA-1000. The components that
may b maintained by opexating L on an 15 needed basis include the following:

Battery

Hydrogen Tank

Sintered Meal Filter

Cleaning of PID/FID lamp

The following sections describe the routine malntenance and instrument adjnstments that can be
made by tralned personnel on a quarterly basis.

PID cavity — should be removed and cleaned, replaced if needed

FID cavity - should be removed and cleaned, replaced if needed

Sarmple line Fitting — replaced if damaged

FID end cap and flame arrestor —removed and cleaned, replaced if needed

Tubing — replaced if damaged

Charcoat Filter (if applicable) — bave charcoal replaced

Waler trap {if applicable) — membrane or membrane support replaced If damaged or worn
Filter cups — cleaned or replaced

Clase area sampler — checked for damages or clogging, replace if damaged or clogged
PID Cartddge ~ ¢leaned thoroughly

FID Cartridge --cleaned tharoughly

7.1.2 Baliery and Battery Charger

The Ni-Cad battery, supplied with the uait, lasts for 2 minimum of eight hours of continuous use
at 20°C. Severe cold and/or vse of the backlight, however, will shorten that ime.

A bauery charger unit with cable is shipped with the instument. You do not have 10 remove the
battery for charging. Simply plug the output of the charger, 2 é-pin molded connector, into the
mating connectar marked CHRG in the instntment.  Then, insert the charger plug into the
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appropriate wall outlet, A green power indicstor is ON when the charger is operating. Normal
sharge time for a folly discharged battery is approsimately 16 hours, or two houes of charge for
every hoor of use.

Do not Jeave the battery on charpe for extended periods (greater than 96 hours). If you wish ta
semove the battery for charging or swapping with a spare battery, wrm the instrument off. Using
the special tool supplied with the accessory kil, unscrew the sceew on the battery compartment
cover on the rear of the inszument and remove the battery cover. As e batwery pack fits snugly
in the instrument housing, use care in remeving the battery pack and its internz conzector. As
you remave the battery pack, note the location of the bartery connector. When re-inserting the
battery pack in the instmment, be sure to push the connector into the same location, so that it
does not interfere with the battery pack.

To charge the battery when removed from the instrument case, use the adapter sepplied with the
accessory kit.

7.1.3 Hydrogen Gas Tank

FID-type instruments are supplied with an 85 cc hydrogen gas tank. This tank, which may be
pressurized to 2200 psi maximum at 25°C will provide 8 honrs operation when fully charged.
The tank has an integralfy mounted high pressure gauge that can be easily read when the tank is
in or out of the instemeat. You may install the tank in the nstrument by simply inserting the

lznk inlo the reeepiacke on the left side of the inswument and tightening {left hand threads) unul

the lank seats. Do not overtighten — the O-ring, not the thread, forms the gesseal..... . ...

To fill the tank, use the following procedure:

Turn supply tank valve OFF.
. Attach tank fill adapter to sepply tank with valve OFF and with manifold valve oi OFF
position.

3. Attack TVA-1000 hydrogen tank to tank fill edapter. (Mote left band threed — Ao ror
avertighien.)

4. Open supply valve. Move fill adapter valve to FILL position.

5. Wait for TVA-1000 tank 1o fill. This may 1zke 2 to 3 minutes because of flow restrictors in
e tank and fill adapter.

6. Cleose fiil adapter valve.

7. Remove TVA-1000 tank.

8. Close supply tank valve

92

1

[l

Move {ill adaper valve 1o BLEED position.
0. Remove tank fill adapter.

Always remove the tank from the instrument before opening the instrument case for any reason.

7.1.4 Servicing the PID Cartridge
To service the PID cartridge, use 1he fellowing procedure:

i. Tum the instrument OFF.
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* Replacing the probe rubing
* Replacing the sampling pump

The manufacturer's operating manual will be vsed for the operation, calibration, maintenance,
and care of FIDs and PIDs. The manual will be present on site at all fimes.

7.2 Calibralion of the MiniRac® 2000

'The MiniRae® 200G PID will be used 1o measure crganic vapers. The PID uses an ultraviclet
esmitiag lamp desipned 1o detect, measure and display the total concentration of airbome
jonizahle gases and vapors. The PID detects kotal jonizables; hence it is used to monitor both
arganic and inorganic vapors and gases to determine relative concentrations of air confaminants.
The data generated js used to establish Yevel of protection and other control measures such as
action levels. The PID canoot effectively detect compounds having forization potentials above
the photon energy level of the lamp used; therefere, methane, which has an fogization potential
of 12.98 €V, cannot be detected by PIDs, whose Jamps are capable of producing 9.5, 10.6, or
11.7 €V. A 10.6eV lamp is typizally used unless otherwise specified for project requirements.

PIDs are nsed to detect and measure volatile organic componnds. A PID Is typically calibrated to
measure the concentration of a known calibration gas. The instrument can detect other volatile
organic compounds, but the eoncentration jndicated will not be accurate. Therefore, these
instruments are typically used in the field to screen samples or 1o menitor the environment for
health and safety purposes. Ooly qualified personnel will be allowed to perform measurements
with PIDs.

7.2.1 Calibration Procedures
Calibration will be perfermed prior to PID use every day the instument is used, and recorded in
the field Jog-book. The following additional information shall be recorded:

1. Date/Time of measnrement

2. The figst meter reading obtalzed with calibration gas to either adjust instrument or pote
how far off the instrument Is drifting

. Results

. Calibrater's Name

e

Calibrate the MiniRae® 2000 by taking a ssmple for ZERO using the charcoal filler provided
with the instroent. The SPAN sample must be a known concentration of a calibration gas.
Isobutylene (JBE) at 100 ppm will be used. Enter the concentration of the span gos (display reads
GASCONC) then assign & sensitivity level for the 85 to be measvred (display reads Response:
Factor). i
Two calibration techniques are available using the MmiRﬂc@ 200 fresh air calibration and
span gas calibration. These are described in the ful.lcvnng sections.
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2. Using the special spanner wrench provided with the instrement tool kit, unscrew the blue cap
holding the PID cartridge in place.

3. Using the special extractor toal provided with the necessary kit, screw the extractor into the
cartridge. (Do not exceed three full tums.)

4. Remove the carmidge by pulling on the extractor, Unserew the extractor from the cartdge.
Clesn or replace the cartridge.

5. Toinsest 2 new cartridge, reverse the procedure, Note that the standard 10.6 eV PID
cartridge is marked with 2 blue band. Other energy level lamps are marked with different
<olors {not red).

Tao ¢lean 2 PID lamp window, use the following procedure:

1. Remove the cartridge from the instrament, as described above.

2. Clean the window of the lamp, using the nmterials suppled with the aptional PID lamp
clesning kit. Follow the instructions included with the eleaning kit, being careful never 16
touch the window with your bare fingers.

A, When the cartridge is dry (dry at 40°C to 53°C for | hour), screw the extractor into the
cartridge and re-insert it into the instrument.

4. Screw i the blue PID detector cap, using the special spanner wrench supplied with the 100]
kit. Do not overtighten cap.

715 Servicing the FID Car'lridge

. Close the hydrogen supply valve on the side of the instrument. Turn the Instrument off.
. Using the special spamner wrench provided with the instument 100l kit, unscrew the red cap
halding the FID carmridge in place.

3. Using the special extrzctor tool provided with the accessory kit, screw the extractar into the
cartridge.

4. Remove the cartridge by pulling on the extracior. Unscrew the extractor from the eartridge.
Clean or replace the cartridge.

5. Toinsert a new cartridge, reverse the procedure. Nate that a FID cartridge is marked with &

red band.

b -

To clean a FID cartridge, you will need a cotton swab and some isopropyl aleohol. Dip the sweb
ino the isopropyl alechol and insert it into the center of the carridgs. Swab the surface wntil
clean and discard the swab. Then dry the cartridge in an oven at 453°C 10 55°C for one hour.
When dry, re-insert [he castridge into the instrument, reversing the removal procedure. De Not
overtighten cap.

7.1.6 Other Mainlenance

Additional - optionz] features and maintenance activities for the TVA-1000 are listed in the
operator’s manual. Please sez the mannal for protocols on the following:

*  The use of the lelescoping extension option

+ Thense of the activated charcoal scrubber

+ Cleaning or replacing a sintered metal probe filter
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Fresh Air Calibration

L. The first sub-menu shows: “Fresh aie Cai?”

2. Mzke sure that the MiniRae® 2000 is connected to one of the “fresh” air sources
(charcoal filter)

3. Press the [Y/+] key, the display shows “zero in progress” fellowed by “wait..” and
countdown timer.

4. After abont 15 seconds pause, the display will show the message “zerced reading = 1.X
ppm...” Press any key or wait about 20 seconds, the monjtor will rerrn back te “Fresh air
Caiibratien?” submenu.

5. The charcoal flter has a check box 5o that user can mark off & box each time the filter has
been used. The chazcoal filter should be replaced after 4 calibrations.

Spar Gas Calibration

This procedure deteniiines the second point of the sensor calibration corve for the sensor. A
cylinder of standurd reference gas (span gas) fitted with a 500 cc/min. flow-limiting regulater or
a flow-matching regulator is needed 1o pecform this procedure. Choose SR ce/min. regulator is
needed to perform this procedure. Choose 500 cofmin. megulator only becanse the flow rate
matches the flow rate of the pump inside. Altemarively, the span gas can first be filled info 2
Tedlar Bag.

1. Connect the celibration adapter to the inlet port of the MiniRac® 2000 monitor, and
eonnect the mbe 1o the regulator or Tedlar bag.

2. Make sure the monitor is connected to one of the span gas sources described above.

3. Press the [¥/+] at the “Span Cal?” to start the calibration. The display shows the gas
name ([scbutylene) and the span value of the comesponding gas (100 pprm).

4. The display shows “Apply gas new!” Turn on the valve of the span gas supply. Display

shaws “wait,... 30" with a count down timer showing the mumber of remaining seconds
while the monitor performs Lhe calibration.

5. To abort the calibretion, press zny Xey during the count down. The display shows
“Aborted!” and return to “Span Cal?" sub-menu.

6. When the count down timer reaches 0, the display shows the calibrated value. The
reading should be close to the span gas value + 10 ppm. During calibeation, the monitor
waits for an increased signal before stadting the countdown timer. If a minimal response
is not obtained after 35 seconds, the monitor displays “Na Gas!"” Check thal the spun gas
valve is on and for Jamp or sensor fuilurs before trying again.

7. The calibration can be staned manually by pressing any key while the “Apply gas now!”
is displayed. After a span calibration is rompleted, the display will show the message
“Span Cal Done! Tum Off Gas™ Turn off the flow of gas. Disconnect fhe callbratlnn
adapter or Tedlar bag from Ihe MiniRas® 2000 monitor. Press any key and it zetums
‘back to “Span Gas Cal?”

i
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7.22 Maintenance

Removable and renewsble parts are included in \be MiniRae® 2000 maintenance kit The
comp that may be mainiained or replaced by operating personzel include the following:

= Battery

+ Calibration Gas Tank
# Charcoal Filter

+ Tubing

* Meisture Filter

The manufacturer's operating manual will be used for the maintenance and care of the PID unit,
1f problems should occur, the trouble-shooting goide found in Table 7.2.1 of the MiniRae® 2000
operating manval (page 7-1 and 7-2 of Attachment 2, should be conssled. The manoal will be
present on site at all times.

8.0 QUALITY ASSURANCE RECORDS

Use of any PID or PID/FID analyzer will be in accordance with the Health and Safety Plan or
olher $OPs requiring its nse. Observaiions or ions witl be d d by p tina
bound, waterproof field notebook. Entries may also be eatered an boring logs. Entries will be
signed and dated by field personpel making the entries and will include daily calibrations. At a
minimum the following will be recorded:

* Date/Time of measorement

* Initial Response - Initial Kesponse is the first meter reading oblained with caBibration gas 10
either adjust instrument or oole how far off the instrument is drifting

Calibrarion protocel (last calibration date/time}

*  Results

« Calibrator's Name

Specific quelity assnranee activitiss which may apply to the implementation of these proceduses
include the following:

*  All dara must be docurzented on Beld data shests or within site loghocks. The following
information shall be recorted in the field loghook:

o Project location, date and time.

o Weather.

o Excavation location number.

o 8ketch of excavation location including boundaries of buildings, roadways, ete.

* Al excavation equipment must be operated by the excavation vendor usitg licensed
professionals in accordance with operating inswnetions.

Attachment 1
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o Equipment checkoul must occur prior to sampling/operation and they must be
documented.

94 HEALTH AND SAFETY

“The major hazard associated with the handling the TV A-1000 is hydrogen which is flammable.
‘The following specific rules spply when handling hydrogen:

1. Never use cylinders of hydrogen in areas where flames, excessive heat, or sparks may occur.

2. Use only explosion-proof equipnient and sparkprosf tools in areas where hydrogen is handled.

. Ground 5l equipment and lines vsed with hydrogen.

4. Neveruse a flame to detect hydrogen feaks — use sospy water,

3. Do not store reserve stacks of hydrogen with cylinders infng uxygen o other highly
oxidizing or combustible materlals.

6. Store hydrogen tanks in well ventilated orea,

w

The mujor hazard sssociated with the handling the MiniRae® 2000 is assaciated with the use of
external jacks and bartery charging. Do not cosnect extemal cable te serial interface jack, or
charge bateries in any hazardous environments.

10.0 REFERENCES

RAE Systems, 2601. “PIDs for Continuavs Monitoring of YOCs” Application Note (AP-211,
Revision 3, 2001).

RAE Systems, 2001. “Using PIDs for Assessment of Exposure Risk in Unknown Environments”
Application Note {AP-221, cw/01).

RAE Systers, 2005, “MiniRae® 2000 Protable VOC Monitor, PGM-760, Operatons and
Maintenance Manual” (Document 03 1-4001-000, Revision E, 2003).

USEPA, 1986. “RCRA Groundwater Monitoring Technical Enforcement Guidance Document.
EPA OSWER.9950.1. September 1986,

USEPA, 1987, “A Compendium of Soperfund Field Operations Methods” EPA/S40/P-87/001.
December 1987,

incoduction

WARNING: Do not coninect ony electrical device (such as bantery cbarger, ana-
fog outptey, personal contpuler, or auxtliary pors device} to the instvusment in an
areq classifted as bazardows due to the presence of flammabile gases or vapors.

Standard Specifications

B
M 5171-180 —Sopimmber 1553

Acoiracy PID Innrument =~ £25% of reading ot 42.5 ppm, whicheve: is
greztes, from 0.5 to 500 ppm. Acouracy lisred is achieved

wiing isoburylene with a J-point ealibration in the range from
100 o 300 ppm (inchiding drife} 21 che wemp and
humidity.of the clibradon..

FID Fnstramere —=25% of reading or 22.5 ppm, whichever is
grester, From 1.0 10 10,000 ppm, Accuracy listed is achioved
using methine with a 1-point calibration in the range frorm 100
0 500 ppm (including drift) ar the emperarure and humidiey
of the alibation.

Repeatabilicy PID Instricent — 1% ar 100 ppm of isobutylene
. FID Frstriomizne— 32% at 100 ppm of methine

Asnalog Ourpur Two analog output signals, G 1 2V d, proportional eo the
ccunt output from each detecror.

Dynamie Range PID Innrument— 0.5 1o 2,000 ppm of issburylene
. FID fnutrsemserst 1.0 t 50,000 ppm of mechane

Linear Range FID Fttraument— 0.5 to 500 ppm of imbutylens
FID Fisramserit—1.0 to 10,000 ppm of methane

Mini Dereerabl The mini dersctabls love! s defined 2 tweo times the peak-
Lovd to-peak noise. )

PID Instrument— 300 pph of benzene

FID Pustrunsesst — 300 pph of heane

Response Time using FID Insirsonent — Less than 3.5 scoonds for 90% of final value,
close area rampler using 100 ppm of isobucylene

FID Instrusent — )e5s than 3.5 secands for 90% of final
vahue, wring 10,000 ppm of methase

Recavery Time using PID Instramsent — Lexs than 5.0 secands vo retumn to 109 of
close arca sampler base line, wsing 100 ppm of irabueylene
' FID Instrsanent — Leag than 5.0 seconds o remin t §0% of
base line, wsing 10,000 ppm of methane

Sundsrd Spacficaikons
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Response Time wing tele-
scoping wand exvender

FID instramens— Lest thas 5.9 seconds for 90% of final value,
wing 100 ppm of iscburylene
FID Tnsirarient = Less than 5.0 seconds fnr90% of final valuze,
using 10,000 ppm of methane

Recovery Time using sele-
scoping wand oxtender

PH3 Puserament— Less than 5.0 seconds to return to 109 of
base line, using 100 ppm of iscbutylene
FID Instrumemt -~ Less than 5.0 seconds e reumn 1o 10% of
base line, wsing 10,000 ppm of methanc

Response Time wsing
charcoal filter adapier

PID Instruoment— Lets than 20 seconds for 90% ufﬁml
value, wsing 100 ppn of isoburylene
FID Inprument — Lezs than 20 seconds for 90% of firal
value, using 10,000 ppm of meshane

Recovery Titne usng
charcoal filter adaprar

PID Iastramenita— Liss than 20 ssconds s resurn oo 10% of
original value, using 100 ppm of isoburyfene
FID Instrument-— Less than 20 seconds w retum o 10% of
ariginal value, using 10,000 ppen of merhane

Dara Seorage Rare

From 1 per second to § per 999 minuees, nser selectable

Sample Flow Rawe

1 Unninuee, nomimal, at sampke probe jaler

Batery

The barrery can be fully charged in lss than 16 bours, The
battery operating Gme is B boiies minimum at 20° {32°F). Use
of the backlight on the probe display shoriens banery life. The
Tatnery is replaseable by tesnaving the bomom cover of die
inscrument.

(WARNING: Do rat repluce hattery in an area classified a
Bazanious due vo presence sf flanmable gases oy vapors.}

Bartery Chatger

The banrery chasger it 2 3¢p it designed 1o be dcn
a table top, It i eapable of aperadng dhe a.n:]yur while simules-
neously charging the internal barery. An adapeer cable is pro-
~vided o charge the bateery safely from the charger, The charger
an charge a fully discharged batiery in 2 maximum of 16 hours,
Charging takes Jonger if performed while the insorument is oper-
ating. Two types of chargers are availahle, one for 120V 22 30/60
Hz and another for 230 Vac, 50/60 Hz.

(WARNING: Do not sperate buttery charger it it aven claified ay
bercndvis due to presence of flammable gose sr vapers,)

PID Lamp Life

Greater than 2000 hours for 10.6 £V amp, with normal deaning

FID Life

Greater than 2000 bouts

Andio Qutput Level

Greater than 75 dB at 3 feec

Attachment 2

sntreduction Mi 611-580 ~ Seplembey 1993

Gas Cylinder Capacity Pressure — 15,3 MPa 2t 25°C (2200 psi ar 77°P1 mazimum
Empty— B5 cc (5.19in%)

Hydrogen Supply Greater than § hours of condnuous operation, surtng from a

Operating Time cylindet charged up to 15.3 MPa (2200 psi}

Enclosure Desaription The anatyzer enclosere and ﬁnn:pﬂnel are made from a ther-
roophastic material. The approximate dimensions are 343x
262 xB1lmm (135 x 103 x 3.2 in). The anclosure is designed to
provide the environmensal prosetion of NEMA Type 2R {rsin,

. ] mow, and slect) .
Electrical Interface Maring fesnale connecrars for Amiog Qutput, RS-232 Inserface,
Connectons and Battery Charger are provided on the side of theaualyzer case
Mechariaal C Mechanical connections for Sample Inpuc and for Venr Cudec

are provided on the side serfaces.

Pammability The analyzer is designed to be cartied by a removable shoul-
der roap. The strap, which i5 pravided with every inswument,
doa not hinder the yser when viewing or using the analyzer
Front panc), The strap is designed to support the probe when
che instrument Is not in use.

Taanspartaion Case A:pn:ra]ly designed thermoplasdic case s pnmr[:r[ for trans-
pordng the m])mand ot of its acoesaories in a penoal
wehicle or commeon carrier. Tt is of rugged ronstruction and b fir-
ved with shock and vibeation absorbing maverial

Tool Kit An acoxsrory ol kit is provided with gach insument. The kit
contins special toals for accessing the barrery and removing
the detector capsides.

Approsimate Mass Arelyzer (PID phs FID)— 5.2 kg (115 1)

Probe Avembly —0.55 kg (12 1)
Trumportativnt Case wm Less than 4.5 kg (10 1b)
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ATTENTION!

For European Applications

A. CE D575 B IE1GRG
DEMXO 03 ATEX, 0284759X
Eex ia IIC T4

B. Recharge hatteries only in non-hazardeus loeations.

C. Do not connect cxternal cable to serial interface jack in
kazardous locations.

D. Use RAE Systems Adapter P/N 500-0072 for connection
te communication port and charging jack only in 2 non-
hazardoeus area,

4,5 Change Alarm Limits 4-19
4.5,1 Change Low Alarm Limit
4.5.2 Change STEL Limit ..
4,53 Change TWA Limit
4.6 View or Change Datalog.
4.6.1 Reset Peal/Minimem
4.6,2 Clear Data
4.6.3 Change Data Period.........
4.6.4 Chanpe Average Type
4.7  Change Monitor Setup ...
4.7.1 Change Operation Mode
4.7.2 Change Site Iy ...
4.7.3 Change User 1D
4.7.4 Change Alarm Mode?.
4.7.5 Change User Mode....
4.7.6 Change Date ......
4.7.7 Change Time
4.7.8 Change Lamp.
4.7.9 Change Unit
4.7.10Change Diltion Ratic
4.7.11 Change Qutput?..
4.7.12 Change DAC Range?
4.7.13 Set Temperature Unit?
4% Exit Programming Mode. .
5. THEORY OF OPERATION ....ccommrrraneans-5=1
6. MAINTENANCE
6.1 Battery Charging and Replacement
0.2 PID Sensor & Larp Cleaning /Replacement.
6.3  Sampling Pump
6.4  Tuming on the UV Lamp
7. TROUBLESHOOTING.
7.1 Troublesheoting Table........
APPENDIX A. QUICK REFERENCE GUIDE. ...
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A warNing A

- Do NOT proceed before reading -

This manual must be carefully read by all individuals whe
have or will have the responsibility for using, maintaining,
or servicing this product.

The product will perform as designed enly if it is used,
maintained, and serviced in accordance with the manufacturer's
instructions.

CAUTION!!

To reduce the risk of electric shock, turn off power before
removing the monitor cover. Disconnect the battery before
removing sensor module for service. Never operate the
monitor while the cover is removed. Remove monitor cover
and sensor modale only in an area known te be non-
hazardous.

The model PGM-T600 eqnipment is classified as to intrinsic
safety for use in class I, division 1, groups A, B, C, D, or
non-hazardous locations only.

iii



Special Notes
-1-

‘When the MiniRAE 2000 Monitor is taken out from the
fransport case and turned on for the first time, there may be
_some residual organic or inorganic vapor frapped inside the
detector chamber. The initial PID sensor reading may
indicate a few ppm. Enter an area known to he free of any
organie vapor and turn oo the monitor. After running for,
several minutes, the residual vapor in the detector chamber
will be cleared and the reading should return to zero.

2.

The battery of the MiniRAE 2000 monitor will discharge‘
slowly even if it is turned off. If the monitor has not been
charged for 5-7 days, the battery voltage wi
Therefore, it is a good prattice to always charge the monitor
before using it. It is also recommended to fully charge the
monitor FOR AT LEAST 10 HOURS before first use. See
Section 7 for more information on battery charging and
replacetent, |

AVERTISSEMENTS

WARNINGS

be lowl

STATIC HAZARD: Clean only with damp cloth.

For safety reasons this equipment must be operated and
serviced by qualified personnel onfy. Read and understand
jnstruction manual completely before operating or
servicing.

Use only RAE Systems battery packs, part nos. 012.3050,
012-3051 or 012-3052. This instrument has not been tested
in an explosive gas/air atmosphere having an oxygen
concentrafion greater than 21%. Substitution of
components may impair intrinsic safety. Recharge batteries
only in non-hazardeus locations.

The calibration of all newly purchased RAE Systems
instruments should be tested by exposing the sensor(s) to
known concentration.calibration gas before the instrument
is put into service.

For maximum safety, the accuracy of the MiniRAE 2000
should he checked by exposing it to a known concentration
calibration gas before each day’s use.

DANGER RISQUE D'ORIGINE ELECTROSTATIQUE:
Nettoyer uniquement avee un chiffon humide.

Pour des raisons de sécurité, cet équipment doit étre ntilisé,
enfretenu et réparé uniquement par un personnel qualifié.
Euwdier le manuet d'instructions en entier avant dutiliser,
d’entretenir ou de réparer I’équipement.

Utiliser senlement I'ensemble de batteric RAE Systems, 1a
reference §12-3050, 012-3051 aun 022-3032. Cet instrument
n'a pas été essayé dans une atmosphére de gaz/air explosive
ayint une concentration d’oxygéne plus élevée que 21%. La
snbstitution de composants peut comprometire In sécurité
intrinsique. Ne charger les batteries gue dans emplacements
désignés non-dangereuse.

La ealibration de tonie instruments de RAE Systems
doivent £tre testé en exposant instrument a une
concentration de gaz connue par une procédure
diétalennage avant de mettre #n service 'instrument pour la
premidre fois.

Pour une securite maximale, Ja sensibilité du MiniRAE
2000 doit &tre verifier en exposant Vinstrument a ume
concentration de gaz connuwe par wne proecédare
diétalonnage avant chague utilisation journalidre.
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GENERAL INFORMATION

1. GENERAL INFORMATION

MiniRAE 2000 Partable VOC Monitor (Model PGM 76000 is 2
compact monitor designed as a broadband YOC gas monitor
and datalogger for work in hazardous environments. It monitors
Volatile Qrganic Cempounds {VOC) using a Pheto-lonization
Detector (PID} witk a 9.8 eV, 10.6 eV, or 11.7 €V gas discharge
lamp. Features are:

« Lightweight and Compact
-Compact, light weight (19 0z.) and rugged design
-Built-in sample draw pump

« Dependable and Accurate
- Up to 10 hours of continnous monitoring with
rechargeable battery pack
- Designed to continuously monitor VOC vaper at ppm
levels

»  User Friendly
-Preset alarm thresholds for STEL, TWA, low and high
level peak values. Audic buzzer and flashing LED display
are activated when the limits are exceeded.

« Datalogging Capabilities
-15,000 point datalogging storage capacity for data
download to PC

MiniRAE 2000 consists of a  PID with associated
microcomputer and electronic circuit. The unit is housed in a
rugged ABS + PC case with a bacilit 1 line by 8 character dot
matrix LCD and 3 keys to provide easy user interface.
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1.1  General Specifications

Table 1.1
Portable VOC Monitor Specification
Size: 82"Lx3.0"Wx 2.0°H
‘Weight: 15.5 oz with battery pack
Detecior: Photo-ionization sensor with 9.8, 10.6, er 11,7 £V
UV lamp

Battery: A 4.8V /1250 mAH Rechargeable Nickel Metal Hydride battery
pack (soap in, field replaceable)

Battery Charging: 10 hours charge through buik-in charger
Operating Hours: Up to10 hours continuous eperation
Disphay: 1 line by 8 characters 5x7 dot manix LCD (0.4”

character heighty with LED back lght
automatically in dim Iight

Range, Resolution & Response time (igg)k
Isobutylene {calibration gas)

0-95 ppm 0.1 ppm 2 sec
100-1,999 ppm 1.0 ppm. 2 sec
2000-10,000 ppm 1.0 ppm 2 ser

Measurement Accuracy (Isobutylene):
{—2000 ppm: + 2 ppm or 10% of reading.
> 2000 ppm: +20% of reading

PID Detector: Easy secess 10 lamp and sensor for cleaning and
replacement

Correction Factors: Built-in 102 VGC gases

Calibration: ‘Two-point field calibration of zero and standard
reference gas

Calibration Memory:

Store up to § separate calibration, alarm limits
and span value

Inlet Probe: Flexible 5 tubing
Keypad: 1 operation key and 2 programming eys
1-2
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GENERAL INFORMATION
Direct Readou: Instantaneous, average, STEL and peak value,
battery vellage and elapsed time
Intrinsic Safety: UL & UL Class 1, Division I, Group A,B,CD,

Temperature Code T3C (U5 & Canada); C€
0575 & T 1G DEMKO 02 ATEX 0204759

Eex iaJIC T4 (Europe)

EM Interference: No effect when exposed to 0.43 W/em? RE
interference {5 watt transmitier at [2 inches)

Alarm Setting: Separate alarm limit geftings for Low, High,
STEL and TWA alarmn
Operating Mode: Survey or Hygiene mode

Alarm: 906 dB buzzer and flashing red LEDs to indicate exceeded preset
limits, low battery voltage, or sensor failure,

2, OPERATION OF MINIRAE 2000

The MiniRAE 2000 Portable VOC Monitor is a compact
Monitor designed as a broadband VOC gas monitor and
datalogger For work in hazardous environments. It gives real
time measurements and activates alarm signals whenever the
exposure exceeds preset limits. Prior to factory shipment the
MiniRAE 2000 is preset with default alarm limits and the
sensor is pre-calibrated with standard calibration gas. However,
the user should test the instrument and verify the calibration
before the first use. After the monitor is fully charged and
calibrated, it is ready for immediate operation.

Figure 2-1 MiniRAE 2000
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External Alarm: Optional plug-in pen-size vibration alarm or
remote alarm
Alarm Mode: Laiching or automalic reset
Resl-time Clock: Automatic date and time stamps on data logged
information
Datalogging: 15,000 points with time stamp, serial nurmber,
user ID, site ID, etc,
Communication: Upload data to PC and download instrument setup
from PC through RE-232 port
Sampling Pump; Internally integrated. Flow rate: 450-550 co/min,
Temperature: 0° 10 45°C (32° to 133°F) ’
Hemidity: 9% 10 95 % relative humidity
(non-condensing)
Housing: ABS + PC, conductive coating, splash and dust
proof, will withstand 1 meter drop test with
Tubber boot
Aftachment: ‘Wrist strap, rubber boot ard belt clip
1-3
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2.1 Physical Description

The main components of the MiniRAE 2000 Portable VOC
menitor include:

@ Three keys for user to interact with the monitor: 1 operation
key and 2 programming keys for normal operation or
programming of the monitor

« LCD display with back Jight for direct readout and
calculated measurements

» Buzzer and red LED’s for alarm signaling whenever the
exposuies exceed preset limits

o Wrist sirap

o Charge comtact for plugging directly to the charging station
s (as eniry and exit ports

= Serial communication port for PC interface

o External alarm and analog output port

« Protective rubber cover
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2.2 Keys and Display

Figure 2.2 shows the LCD display and the keypad on the front
panel of the monitor. The function of the 3 keys during nermal
operation dre summarized beiow:

Alarm: LED's

Light
18T senser Charge LED

Figure 21 LCD Display and Keypad
Key Function in Normal Operation

OPERATION

[MODE] -Turn on/off the power* and step through menu jtems

[N/] -Toggle on/off the back light, negative acknowledge,
decrease value

[YH] -Start measurement, positive acknowledge, increase value
value

* Pressing and helding [MIODE] key for 5 seconds turns off the
power to the monitor. Moniter wilt beep once per second and
display countdown timer during power-down sequence. Press
[MODE] key momentarily to step through menu jtems. To save
time, press any key during message scrolling to skip to the end
of the message.

2-3

OPERATION

2.4 Operation

The MiniRAE 2000 VOC monitor has two operation modes:
Sarvey and Hygiene mode. The Survey mode allows the user
to manually siart and stop the monitering/measuring operation
and display certain expesure values, In the Hygiene mode, the
monitor runs contimuously after the monitor is turned on. Refer
to Section 4.7.1 for switching between the two modes.
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2.3 Power On/Off

To ture on the MiniRAE 2000 portable VOC monitor, press
[MODE] key for one second and release. The andio buzzer will
beep once and the air pump will turn on. The display will show
“ONL.” and then “Ver n.an” to indicate the unit’s current
firmware versien number. Next displayed are the serial number,
the mode! number, Operating mode, current date and time, unit
internal temperature, gas selected, high low, STEL, TWA/AVG
alarm limits, battery voltage, and shut off voliage, Also
displayed are internal mode settings such as User mode, Alarm
mode, datalog time remaining and log perieds in the respective
order.

To turn off the MiniRAE 2000 portable VOC monitor, press
and hold the [MODE] key for 5 seconds. The monitor will beep
once per second during the power-down sequence with a count
down timer showing the number of remainizg seconds, The
message "Offl."" flashes on the LCD display -and the display
will go blank indicating that the monitor is tumed off.

Data protection during power oft

When the monitor is turned off, all the current real time data
including last measured value are erased. However, the datalog
data is preserved in non-volatile memary. Even if the battery is
disconnected, the datalog data will not be Jest. While the power
is off, the real time clock wiil continue to operate until the
battery is completely drained (usually in 4-5 days without any
charging). If the battery is completely drained or is
disconnecied from the moniter for mere than 30 minutes, the
real time clock will be lost. In this case, the user needs to enter
the real time clock information again, as described in Section 4,
or send the PC clock during configuration through the PC

. communication.
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2.4.1 Survey Mode

After the monitor is tarned on, it runs through the siart up menu.
Then the message “Ready...” is displayed (see figure below).

At this point, the user has two options:
1. Step throngh the Main Menu.
2. Take a measurement.

Press the [IMODE] button to step through the Main Menu. Press
the [Y/4] butten to proceed to take a meastwement.
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The Main Menu

Press the [MODE] button to enter the Main Menu. Press the
[¥/+], IMODE] or {N/-] as indicated in the flow chart below to
step through the Main Menu. The PID sensor and pump are
turned off during this time.

The Main Menu funclions are:

Ready...

Check

Site 1D = xxxx

Gas = xxxx

Warm up

X.x ppm

Stop?

TWA/Avg x.x ppm
STEL x.x ppm
Peak x.x ppm

Run time hh:mm
Bar=XXV
Mm/ddlyy

hh:mm

T=20xT |date, time and temperatore (°C or °F))
Log On/Off?

PC Comm?
Sorvey

OPERATION |

The Main Menu Foyctions

Ready...: Indicates that the monitor is ready io take aJ
measurement or to step through the Main Menu, Press the
[¥H] butten to advance to taking a measurement (read |
“Taking a Measurement™ on Page 2-12 for details).

Note: The Ready... screen is skipped if the menu is cycled |
through while a measurement is nmning.

Check...: This message displays while the system is
checking the lamp and the sensor. If the lamp test succeeds,
the system will progress to checking the sensor. If the Jamp
test does not succeed, the display will read Can not turn on |
lamp, quit!

- Can not turn en lamp, quitl: This message displays
when the lamp does not turn on. The system will”
automatically return to Ready... allowing the user to
test the lamp again, If the lamp fails a second time, turn
the monitor off and refer to Section 7.2 “PID Sensor &
Lamp Cleaning / Replacement™.

- Clean Sensor, Quit}: This message displays when the
semsor requires cleaning, Press the [Y/A] butien to turn
the moniter off and clean the sensor. Press the [N/-]
button and the system will progress to the Site T = xx

Site 1D = xxxx: This display shows the Site ID and
indicates that the monitor is sbout to start taking
measurements {read “Taking a Measurement” for details)

Note: This display appears only after a measurement has
been started. It does not appear when the user is cyling

. through the Main Menu and the menitor is idling.

. Gas = xxxx: This display identifies the gas to be measured
iand  indicates that the monitor is zbout 1o take a
‘ measurement {read “Taking a Measurement™ for details)
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These functions are arranged in a “round robin” order. To select
a specific function, press the button as shown below until the
desired function appears.

Main Menu

Yie

Cannol wm on Clean senacr,
lmer, quie Duirt

- :
OniGH? o |

wapz

ity [a-ooe] Bt + mex v Jetiene: ‘*"o'&?h"'

28

b
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Note: This display appears only after & measurement has
been started. Tt does mot appear when the user is cyling[
through the Main Menu and the monitor is idling.

x.x ppm: (read “Yaking a Measurement” for details) ‘

Note: This display appears only after a measurement has
been started. It does not appear when the user is cyling |
through the Main Menu and the monitor is idling.

TWAJAvg: Displays {in ppm) the Time Weighted Average !
(TWA) or the Average since the start of the measurement.
The average is recalculated every minute.

STEL: Displays the Short Term Exposure Limit.

PEAK: Displays (in ppm) the highest instantanecus reading ,
since the start of the measurement. If [Y/4] is pressed while
the peak reading is displayed, the unit will ask Reset Peak?.
If {¥/+] is pressed again, the peak value will be cleared and
the display will return to the Ready... imessage or
instantancous reading. The peak reading is automatically
reset when a new measurement is started by pressing [Y/H+)
from the Ready... screen.

Run time hhimm:  The duration of the current
measurement period.
Bat = X.XV: The current battery voltage.

Note: A fully charged battery pack should show 4.8 volts or
higher, When the battery voltage falls below 4.4 volts, a
flashing “Bat™ will appear as a waming message. At that
point, you have 20-30 minutes of run time remaining. When
ihe battery voltage falls below 4.2 volts the monttor turns
off automatically.

Mm/dd/yy: The current date.

hhimm: The current time (24-hour format)

2-10
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o T = xxaxF: The intemal unit temperature in degrees
Fahrenheit, (see Section 47,13 to change tempezature units)

s Log on/Off?: Allows the user to slart datalogging of the

current measurement. A superscript “L” flashes in the ppm °

measurement display when' datalogging is on. This screen is
not shown when datalogging is disabled or when the
monitor is not operating in mamual start/stop mode.

s PC Comm?: This function enables the user to upload daia
“from the MiniRAE 2000 to a Personal Computer (PC) or
sendireceive configuration information between a PC and
the MiniRAE 2000. Press [MODE] to return to Ready... .

To communicate with a PC, connect the monitor to the
serial port of 2 PC and start the MiniRAE 2000 application
software. Press the [Y/4] button and the LCD displays
“panse monitor, ok?” Press the [Y/+] bulion one more
time, and the display sh “Comm...” The monitor i
" now ready to receive commands from the PC. R
s Survey: This function displays the Cumrent Operating Mede
(Survey or Hygiene).

Taking a Messurement
There are two ways to start a measurement,

1. Operating in Hyglene mode.
2. Manually start and stop measurement in Survey mode.

To start a measurement in Hygiene mode, please refer to
Section 4.7.1, “Change Operation Mode”. To start a
measurement in Survey Mode, the MiniRAE 2000 monitor
st first be in the “Ready...” mede. This is the mode to which
the monitor normally powers up.

OPERATION

Measurement phases

1. Ready

2. Start measurement

3. Measurement display and datalogging
4. Step measurement

Ready

The display reads Ready... indicating the unit is ready to start a
measurement.

Start Measurement

Press the [Y#+] button to start the check cycle (sce above), and
then the measurement cycle.

After completing the Check cycle, the display wilt show the
8ite ID and then the Gas selected for measurement. The pump

.. will. start. and. the . reading will. be displayed.. The. Peak and.

Average values will be automatically zeset to zero.
Measurement Display and Datalog

Instantaneous readings of the gas concentration in parts per
miliion (ppr) are updated every second. A flashing soperseript
L is displayed when datalogging is on. Datalog information is
saved only after one full datalog period is completed.
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Stop Measurement

Press the [MODE] button and the display shows Stop? Press
INM] to continue measurement and [Y/M] 1o stop the
meastrement and datalog event. The ptimp stops automatically
when measurement is stopped. Peak and average values for the
cumrent measurement can be read in idle mode until a new
measurement Is started.

Aufomatic Increment of Site 1D

Every time a measurement is taken, the site ¥D will be
incremented by one automatically in Survey mode.

Variable Alarm Signal

In Survey Mode, if the measurement exceeds the low alarm
limit, the buzzer and flashing alarm are activated and will
beep/flash once per sccond. The alarms will increase in
frequency as the gas concentration approaches the high alarm
limit reaching 8 times per second when the high alarm has been
exceeded.

Press {Y/+] key to clear if latching alarm.
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2.4.2 Hygiene Mode

In Hygiene Mode, the unit will continuously taking‘
measurements, once the power is tumed on. After the initial
start-up sequence displaying the current monitor settings, the
LCD displays the instantaneous readings.

The Hygiene operation menu displays include:

» Real time readings in ppm {
»  Current TWA/Avg, STEL and Peak values (see Section
4.6.6)

Ran time .
Curreat battery voltage

Date, time 2nd temperature

Log on/off?

Gas name

PC communication?

+ Hygiene

Detailed description of most of these displays are the same gs

Section 24.1.
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HYGIENE MODE MAIN MENU

MODE

MODE

Gas = Reset |
XXKXNKXK Peak? Peak &2
MODE— .
Run time
Log OnJGfE? 0000
b moce MODE
11118198 F
T=70F

To choose a specific display, press the [MODE] key one or
more limes until the desired display appears, or the [¥/A] key
where indicated witha Y.

Note: To get back 10 instantaneous reading from any of the
above display, press [MIODE] key repeatedly until the *¥X.X
ppm” display appears,
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i
Alarm Signal Summary:
Candition Alarm Signal

Gas exceeds “High Alarm™ | 3 beeps/flashes per secopd
Tt

Gas excseds “Low Alarm™ | 2 beeps/fiashes per second
lixmit

Gas exceeds “TWA™ limit | 1 Beepsfflashes per seconds

Gas exceeds “STEL” limit | 1 Beepa/flashes per seconds

Pump failure 3 beepsfilashes per second plus
“Pump” message on LCD

PID lamp failure 3 beeps/flashes per second pius
“Lamp” message on LCD

Low battery . 1 flash per second, 1 beep per minute
plus “Rat” message on LCD

Memory full 1 flash per second plus “Mem™

message on LCD

Alarm Signal Testing:

‘Under normal non-alarm conditions, it is possible to test the
MiniRAE 2000 LED and buzzer in Special Diagnostic Mode
{see Section 8 for details).

OPERATION

2.5 Alarm Signals

During each measurement period, the gas concentration is
compared with the programmed alarm limits (gas concentration
alarm limit settings: Low, High, TWA and STEL). If the
concentration exceeds any of the preset limits, the loud buzzer
and red flashing LED are activated immediately to warn the
user of the alarm condition.

In addition, the MiniRAE 2000 will alarm if one of the
following conditions cccurs: battery voltage falls below = pre-
set voltage level (4.4 V), failure of UV lamp, pump stall, or
when the datalog memory is full, When the low battery alanmn
occurs, there will be approximately 20-3¢ minutes of operating
time remaining. When the battery voltage falls below 4.2 V, the
momitor will turn off automatically.
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2.6 Preset Alarm Limits and Calibration

The MiniRAE 2000 portable VOC monitor is factory calibrated
with standard calibration gas, and is programmed with defanit
alarm limits. There are 102 gas settings stored in the library.
Some examples of celibration and alarm limits are shown
below, Refer to Section 4 on programuning procedures for
selecting a different gas, perform a calibration or set new alarm
limits,

Factory Calibration and Presef Alarm Limits

Cal Gas Cal umit | low | High | TWA | STEL
Span
Isobutylene 100 | ppm 50 100 100 250
Hexane, n- 100 | ppm 560 750 500 750
Kylene, m- 100 ppm 160 150 100 150
Benzene 51 ppm 2 5 5 2
Styrene 501 ppm 20 40 it 40
Toluene 00| ppm| 50| 100 50 100
Vimy] Chlonde 10| ppm 5 10 5 10
Custom 106 {  ppm 50 100 50 100
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2.7 Integrated Sampling Pump

The MiniRAE 2000 poriable VOC moniter includes an
integrated sampling pump. This is a diaphragm type pump that
provides a 500-600 cc per minute flow rate. Connecting a
Teflon or metal tubing with 1/8 inch inside diameter to the gas
inlet port of the MiniRAE 2000, this pump can pull in air|
samples from 200 feet away horizontally, or 90 feet vertically,
at about 3 feet per second flow speed.

The pump turns on when a measurement Is started, and turts off E
when the sample is manually stepped in Survey mode or when
the unit is turned off from Hygiens Mode.

If liquid or other objecis are pulled into the inlet port filter, the
monitor will detect the obstruction and shut down the pump
immediately. The alarm will be activated and a Hashing error
message “Pump” will be alse displayed on the LCD display. |

i

The-user should' acknowledge the- pump-shust-off condition-by-+
clearing the obstruction and pressing the [¥/+] key to re-start
the pump.

The pump stal{ threshold is set in the special Diagnostic Mode
{Section 8).
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2.9 Datalogging

During datalogging, the MiniRAE 2000 Pertable VOC monitor
flashes a supesseript “L”, on the display to indicate that
datalogging is enabled. The monitor stores the tite stamp,
sample number, and measured gas concentration at the end of
every sample period (when data logging is enabled). In addition,
the following information are stored: user 1D, site ID, serial
number, last calibration date, and alarm limits. Alf data are
retained (even after the wmit is turned off) in non-volatile
memory 5o that it can be down loaded at a later time to 2 PC.

Datalogging event

‘When Datalogging is enabled, measurement readings are being
saved. These data are stored in “groups™ or *events. A new
event is created and stored each tirhe the monitor is tumed on,
or 2 configuration parameter is changed, or datalogging is
interrapted (e.g. Communication with PC during Hygiene
mode). Information, sach as stat time, user 1D, site 1D, gas
pame, serial number, last calibration date, and alarm limits will
be recorded,

Datalogging sample

After an event is recorded, the unit records a shorter form of the
data. This data contains; the sample number, time (hour/minute)
and gas concentration,

OPERATION

2.8 Back Light

The LCD display is equipped with an LED back light to assist
in reading the display under poor lighting conditicns. Pressing
and holding the [N/} key for one second in normal operation
can turn on the backlight. The backlight can be tumed off by
pressing [N/] & second time. If the [N/ key Is not pressed, the
back light will be turned off automatically after a pre-
programmed time-out period to save power.

In addition, the ambient light is sensed and the back light will
be tumed on automatically if the ambient light is below a
threshold levet. The back light 1s turned off antomatically when
the ambient light exceeds the threshold level.

See Section 8 for instructions on how to set the light threshold
level.

MNote: The LED backlight consumes about 20-30% of the total

- average- cutrent; - when-the instrument is idle or not.-taking a

measurement.
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3. OPERATION OF ACCESSORIES
The accessaries for the MiniRAE 2000 include:

« An AC Adapter {Battery Charger)

« Allaline battery holder

= Water Trap Filter
Optional Accessories:

» Dilution Fitting

« Calibration adapter

= Calibration regulator and Flow centroller

« Organic Vapor Zeraing kit
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3.1 Standard Kit and Accessories
1) AC Adapter (Battery Charger)
WARNING

To reduce the risk of ignition of hazardous atmospheres,
recharge battery only in area known to be non-hazardeus.
Remove and replace battery only in area known to be non-
hazardous.

Ne charger les batteries que dans emplacements designés

OPERATION OF ACCESSORIES

non-dangereuses.

A battery charging circuit 35 built into the MiniRAE 2000

monitor. It only needs a reguolar AC to 12 V DC adapter (wall
mount transformer} to charge the monitor.

To charge the battery inside the MiniRAE 2000 monitor:
1. Power off the Manitor,

2. Conmect the AC adapter (or the optional automotive charging
adapter) to the DC jack on the MiniRAE 2000 monitor, If the
unit was off] it will automatically turn on.

3. The first message displayed will be “Deep discharge?” The
unit wil} ask this question for three times. If the user wants to
discharge the battery pack, affirm this guery with the [Y/+]
key, otherwise the unit will mave on to the charge mode
directly.

3-2

OPERATION OF ACCESSORIES

2) Alkaline Battery Holder

An alkeline battery holder is supplied with each MiniRAE
2000. Tt accepts four AA size alkaline batteries and can be used
in place of the Ni-MH or Ni-Cd battery pack to provide
approximately 12-14 hours of aperation. The adapter is intended
to be used in emergency sitvations when there is no time to
charge the Ni-Cd or Ni-MH battery pack.

To install the adapter, remove the cover of the bhattery
compartment. Remove the Ni-Cd or Ni-MH battery pack from
the battery compartment and replace with the alkaline battery
adapter. Replace the battery compartment cover.

The internal charging circuit is designed to prevent damage to
alkaline batieries and the charping circuit when alkaline
batteries are installed inside the monitor.

Note: The AA Alkaline battery adapter supplied by RAE
Systems Inc. is intrinsically safe!

3) Water Trap Filter

The water trap filter is made of PTFE (Teflon™) membrane with

a 0.45 micron pore size to prevent water from being sucked into

the sensor manifold, which would cause extensive damage to

the monitor. ¥t will also remove any dvst and other particles

from entering the monitor and prolong the operating life of the

sensor. To install the water trap, simply Jnsert it to the front of
the inlet tube of the MiniRAE 2800 monitor.
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4. While charging, the display message will allemate between
“Charging” and “Bat=xxV" (xx is the present battery
voliage). The LED should be red in color when charging,

o
' Charging |

{[n oN o
|
5. When the battery is fully charged, the LED will change from
red to green and the message “Fully charged” will appear on
the display. After the battery is fully charged, the unit will
enter the “trickle charge” moede. In which, the red LED will |

umn on for several seconds every minute, to maintain the full
charge,

A completely discharged MiniRAE 2000 monitor will be
charged to full capacity within 19 hours. The battery will be ‘
drained slowly even if the monitor is turned off. If the monitor
has not been charged for 7-10 days, the battery voltage will be
low,

The factory-supplied battery is designed to last for 10 haurs of
normal operation (e alarm, no hack lght condition), for a new
battery under the best condition. As the battery becomes older
or is subject to adverse conditions (such as cold ambijent
temperature), the battery capacity will be reduced significantly.

OPERATION OF ACCESSORIES

3.2 Optional Accessories
1) Dilution Fitting

. The user may wish to install a dilution fitting on the inlet to

dilute the gas samples. One application for a dilutien fitting is to
measure organic gas when the concentration exceeds the upper
limit of the sensor range.

Make sure to set the dilution ratio in the programming mode
(see Section 4.7.9) so that the correct gas reading will be
displayed when the dilution fitting is used.

WARNING: To use a difution fitiing, the user must have
the moniter located in a clean atinosphere ontside the
confined space and use a remote access probe or Tygon
tubing to measure the gas concentration inside the confined
space.

2) Calibration Adapter

The calibration adapter for the MiniRAE 2000 i3 a simple 6-
inch Tygon tubing with a metal adapter on one end. During
calibration, simply insert the metal adapter into the regular gas
inlet probe of the MiniRAE 2000 and the tubing to the gas |
regulator on the gas bottle.

3-3




OPERATION OF ACCESSORIES

PROGRAMMING

3) Calibration Regulator and Flow Controller

The Calibration Regulator and Flew controller is used in the
calibration process. I regulates the gas flow rate from the Span
gas cylinder into the gas inlet of the MiniRAE 2000 monitor
during calibration process. The maximum flow rate allowed by
the flow controller is about 0.5LAmin (500 cc per tmin).
Alernatively, a Demand-flow Regulator or a Tedlar gas bag
may be used to match the pump flow precisely.

4} Organic Vapor Zereing kit (Charcoal filter)

The Organic Vapor Zeroing Kit is used for filtering organic air
contaminants that may affect the zero calibration reading. To
use the Organic Vapor Zeroing Kit, simply conpect the filter to
the inlet port of the MimiRAE 2000.
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4.1 Programming Mode

The programming mede allows the users to change the setups In
the monitor, calibrate the monitor, modify the sensor
confipuration and enter user information, etc. The
programming mode has four menu itemns. Each menn item
includes several sub-menus to perform additional programming
functions. Appendix A shows a more defailled menu tree
structure.

Programming Menu
Calibrate/Select Gas?
" Change Alarm Limits?
Change Datalog?
Chanpe Monitor Setup?

Onee inside the programming mode, the LCD will display the
first menu. Each subseguent menu ftem can be viewed by
pressing the [N/] repeatedly unti the desired menu is
displayed. To enter the sub-menu of a particular menu, press
[¥/+] key, the sub-menu will be displayed.

Return to Operation mode: To exit the programming mode
and return to cperation, press the [MIODE] key once at any of
the programming menu displays.
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4. PROGRAMMING OF MINIRAE 2000

The MiniRAE 2000 Menitor is built with a microcomputer 1o
provide programming flexibility. Authorized users can re-
calibrate the monitor, change the alarm limits, changs site D,
user 1D, lamp type, and real time clock, stc,

Programming is menu-driven to provide intuitive end-user
operation. The display shows the menu options and the key pad
used for menu selection and data entry.

PROGRAMMING

4.2 Keys for Programming Mode

The three keys perform a different set of functions during the
programming mode as summarized below.

Key Function in Programming Mode

[MODE]: Exit menu when pressed momentarily or
exit data entry mode when pressed and held
for 1 second

Y+ Increase alphanumerical value for data entry
or confirm (yes) for a question

[N~E: Decrease alphanumerical value for data
entry or deny (no) for a question
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4.3 Entering into Programming Mode

1. Turn on the MiniRAE 2000 monitor and wait for the |
“Ready..” message or the inslantaneous reading display
“th0 ppm™ message displayed.

2. Press and hold down both §N/-] and [MODE) keys for three
seconds to enter programming mode. This delay is to
prevent the user from entering programiming mode by
accident,

3. The firsi menu item “Calibrate/select Gas?” will be |
displayed.

4. Release both [MODE] and {N/-} keys simultanecusly to
start the programming mode

5. Press [N/-] key to scroll to the next menu item of the
programming menn. Press {Y/+] key to select the displayed
meny item,

The following Sections 4.4 - 4.7 describe the details of each !
menu options.

PROGRAMMING

Note: The span value must be set prier to calibrating for fresh
air or Spas.

The wuger can store calibrations for up 1o 8 different
|measurement gases. The default gas selections are as follows:

Cal Memory #0...... Isobutylene
Cal Memory #1...... Hexane
Cal Memory #2...... Kylene
Cal Memoq; #3...... Benzene
Cal Memory #4...... Styrene
| Cal Memory #5...... Toluene
Cal Memory #6...... Viryl Chloride
Cal Memory #7...... Custorn?

Memory #0 functions differently than the other 7 mernories. For
Memory #0, isobutylene is always the calibration gas. When the
gas is changed in Memory #0 to one of 100 other
preprogrammed chemicals or to 2 vser-defined custom gas, a
correction factor is applied to all the readings. During
calibration, the unit requests isobutylene gas and displays the
isobutylene concentration immediately following calibration,
but when the unit is returned to the norma! reading mode, it
displays the selected gas and applies the correction factor.

The other 7 cal menories require the same calibration gas as the
measurement gas. These memories may also be modified 10 a

preprogrammed chemical or to a user-defined custom pas, In .

the gas library, only the gases thal can be detected by the
installed UV lamp wili actually be displayed. Note that although
the correction factor for the new gas will be displayed and can

be modified, this factor is not applied when Memories #1-7 are |

PROGRAMMING

4.4 Calibrate and Select Gas

WARNINGS

The calibration of all newly purchased RAE Systems
instruments shonld be tested by exposing the sensor(s) to
known concentratioen calibration gas before the instrument
is put into service for the first time.

For maximum safety, the accuracy of the MiniRAE 2000
should be checked by expesing it to known concentration
calibration gas befare each day’s use.

In the first menu of the programming mode, the user can
perform functions such as calibration of the MiniRAE 2000
Monitor, select default cal memories, and modify cal memories
(sze Table 4.4).

Table 4,4
| Calibrate/Select Gas Sub-Menu___ |
Fresh Air Cal?

Spar Cal?

Select Cal Memory?
Change Span Vale?
Modify Cal Memory?

Change Correction Factor?

Calibrating the MiniRAE 2000 monitor is a two-point process
using *fresh air * and the standard reference gas (also known as
span gas). First a “Fresh air” calibration, which contains no
defectable VOC (0.0 ppm), is used to set the zero point for the
sensar. Then a standard reference gas that contains a known
concentration of a given gas is used to set the second point of
reference.

4.5
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used. Therefore the factor will not affect the readings in these
memoties.

Once each of the memories has been calibrated, the user can
switch between the calibmted pases by changing the cal
memory without the need to recalibrate. Or the user can switch
the measurement gas in Memory #0 and the appropriate
correction factor will automaticatly be applied without the need
to recalibrate. If the gas is changed in Memories #1-7, it is
necessary to recalibrate,

To change a default gas from the list abeve to a library or
cusfom gas, first go to Select Cal Memory (Section 4.4.3) and
then proceed to Modify Caj Memory (Section 4.4.5) to enter the
desired gas. If the desired compound does nat appear in the
preprogrammed library, the user can use the Custorn_VOC
entry In the library, or the name and correction factor of any of
the existing compounds can be changed as described in Section
4.4.5. A list of some 300 correction facters is given in Technical
Note 106, available at the website www.raesystems.com.
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4.4.1 Fresh Air Calibration

This pracedure determines the zero point of the sensor

calibration curve. To perform a fresh air calibration, use the
calibration adapter te connect the MiniRAE 2000 to a “fresh”

air source such as from a cylinder or Tedlar bag (option
accessory}. The “fresh” air is clean dry air without any organic
impurities.  If such an air cylinder is not available, any clean
ambient air without detectable contaminant or a charcoal filter |
can be used.

1

“The first sub-menu shows: “Fresh air Cal?”

. Make sure that the MIniRAE 2000 is connected to one of

the “fresh™ air sources described above. I

. Press the [¥/4] key, the display shows “zero in progress”

followed by “wait..” and a countdown timer.

any key or wait about 20 secends, the monitor will return back
to *“Fresh air Calibration?” submenuz.

PROGRAMMING

il

. Display shows “wait.... 30" with a count down timer’

showmg the number of remaining seconds while the
moniter performs the calibration.

To abort the calibration, press any key during the count,
down. The display shows “Aborted!” and retum to “Span
Cal?” sub-menu.

. When the count down timer reaches 0, the display shows the

calibrated value.

Nete: The reading should be very close to the span gas
value.

. During calibration, the monitor waits for an increased signal

before starting the countdown timer. If 2 minimal response
is not obtained afler 35 seconds, the monitor displays “No
Gas!” Check the span gas valve is on and for Jamp or sensor
failure before trying again.

. The calibration can be started manvally by pressing any key

while the “Apply gas now! is displayed.

. After a span calibration is completed, the display will show

the message “Update Data Span Cal Done! Turn O4F Gas.”

, Turn off the flow of gas. Disconnect the calibration adapter

or Tedlar bag from the MiniRAL 2000 Manitor.
Press any key and it returns back fo *Span Gas Cal?”

4-10 R
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4.4.2 Span Calibration |

This procedure determines the second point of the semsor

calibration curve for the sensor. A cylinder of standard

reference gas (span gas) fitted with a 500 ce/min. flow-limiting

regulator or a flow-matching repulator is the simplest way to

perform this procedure, Choose the 500 ce/min. regulater only |
if the flow rate maiches or slightly exceeds the flow rate of the

instrument pump. Alternatively, the span gas can first be filled

inta a Tedlar Bag, or delivered through a demand-flaw

regulator. Connect the calibration adapter to the inlet port of the

MiniRAE 2000 Monitor, and connect the tubing to the regulator |
or Tedlar hag,

Another alternative is to use a regulator with >500 ce/min flow
but aliow the excess flow to escape through a T or an open tube.
In the latter method, the span gas flows out through an open
tube slightly wider than the probe: and the pmhe is inserted into |
the calibration tube......

Before executing a span calibration, make sure the span value |
has been set correctly (see next sub-menu).

1. Make sure the monitor js connected to one of the span gas
sources described above.

2. Press the [Y/4] key at the “Span Cal?” fo start the
calibration. The digplay shows the gas name and the span
value of the coresponding gas.

3. The display shows “Apply gas now!™ Tarn oo the valve of -
the span gas supply.

49
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4.4.3 Select Cal Memory '

This fimction allows the user 1o select one of eight different
memories for gas calibration and measurement. For Memaories’
#1-7, the calibration and measurement gas is the same and no
correction factor is applied. For Memory #0, the calibration gas '
Is always isobutylene and the measuremert gas may be
different, in which case the comection factor for that gas is.
automatically applied. The default gas selections are listed in
Section 4.4

1. “Select Cal Memory?” is the third sub-menu item in the
Calibratien sub-menu. Pressing the [¥YA] key, the display
will show “Gas =" gas name followed by “Mem # x?"”

2. Press [IN/-] to scroil through all the memory numbers and |
the gas selections respectively. Press [¥/+] 10 accept the
displayed Cal Memory number.

3. Afier the [Y/+] key is pressed, the display shows “Save?”
Press [YA] key to save and proceed. Press |NA] to discard
the enfry and advance to the next sub-menu. '

4, If the gos in & newly selected Cal Memory number is not
calibrated, the display shows “CF= xxx”. A cormection
factor with the value “x.0e” will be applied.

5. If the gas of a newly selected cal memory numnber has been
calibrated previously, the display shows “Last calibrated
potee i v g '
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4.4.4 Change Span Value

“This function allows the user to change the span values of the
calibration gases.

1. “Change Span Value?” is the fourth sub-menu item in the
Calibration sub-menu

2. Press [Y/4], display shows the gas name and the span value.
A cursor will blink at the first digit of the Span value. To
modify the span gas value, go to Step 3. Otherwise, press
and hold the [MODE] key for 1 second to accept the
praviousty stored span gas value and move to the next sub-
menu.

3. Starting from the lefi-most digit of the span ges valee, use
the [¥/4+] or [N/-] key to change the digit value and press
[MODE] key momentarjly to advance to next digit. Repeat
this process until all digits are entered. Press and hold the
IMODE] for 1 second to exit.

4. The display shows “Save?” To accept the new value, press
the [¥/+ key, Press the [N/-] key or the [MODE] key 1o
discard the change and move to the next sub-menu.

_ _ 412
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4.4.6 Change Correction Factor

This function allows the user to change the Correction Factor of
the standard calibration gas (onty for Cal Memory #0).

1. “Change Comection Factor?” is the sixth sub-menu in the
Calibration sub-memu.

2. Press [Y/H] key. Display shows the gas name, then the
carrection factor.

A corsor blinks at the left-most digit of the correction factor.
If user wants to modify the correction factor, go to Step 3.
Otherwise, press and held the [MODE] key for 1 second to
accept the previously stored correction factor value and
return to the first sub-menu of the calibrate/select gas menu,

3. Starting from the lefi-most digit of the correction factor, nse
[¥/+3 or [NH] key to change the digit value and press
[MODE] key mementarily to advance to the next digit, the
cursor will move to the next digit to the right. Repeat this
process uniil all digits are entered. Press and hold the
[MODE] for I second to exit. -

4. The display shows “Save?” To confirm the new value,
press [¥/+] to accept the change. Press [N/-] or [MODL] to
discard- the change and return 1o the first sub-menu,
Calibrate and Select Gas.

PROGRAMMING

4.4.5 Modify Cal Memory

If the current cal memory number selected is not memory 0,
users will be prompted whether to modify the settings of the
selected cal memory. Press [Y#+} to modify the cal memory and
[N/-] 1o 2o to the next sub-menu.

Onee [¥/4] is pressed the LCD display will show the curent
memory number, current Gas selected and prompt wser for
acceptance of current gas selected.

1. Press [N/} to modify the gas selection if desired. Or press
{Y#] key 1o skip the change of gas selection, and proceed to
the: pext sub-men. '

2. After pressing [N/], display shows “Copy gas from
fibrary? Press {YH+] to accept or [N-] for the next sub-
menu, “Enter Custom gas?”

3. In the “Copy gas from library” submenu, use [Y/+] and [N/
1 keys to serell through the selections in the library. Press
[MODE] key momentarily i select the gas. The display,
shows "Save? Press [Y/4] to save or [N/] 1o diseard the

changes and procesd to next sub-menu, .

4, In the Custom gas sub-menu, the user can enter the gas
name. Press the [W/+] or {N/-] key to cycle through all 26
letters and 10 nunerals. Press the [MODE} key'
momentarily to advance to the next digit. The flashing digit
will move to the next digit to the right. Repeat this process |
until all digits (up to 8 digits) of the custom gas name is

entered. |

Press and hoid the [MODE] key for 1 second to exit the nams
entry mode. The display will show “Save?* Press {¥/] to save |
the entry, or [N/-] to discard the changes.
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4.5 Change Alarm Limits |

In this manu, the user can change the high and low alarm limits,
the STEL limiz and the TWA Timit (see Table 4.5 below). Press|
the [¥/+] key and the display shows the current gas selecied
follewed by the first sub-menu item below., |

Tablc 4.5
[ Alarm Limit Szb-Menn ] :
Change High Alarm limit?
Change Low Alarm limit?
Change STEL limit?
Change TWA limit?

1. Scrol! through the Alarm Limit sub-menu using the [N/-]
key until the display shows the desired limit to be changed, .
e.g,,"High limit?”, “STEL limit?”, etc,

4315
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2. Press the [Y/+] key to select the desired limit and the
display shows a flashing cursor on the left-most digit of the
previously stored alarm limit.

3. To modify this limit value, use the [¥/4] or [N/-] key to
change the digit value and press the [MODE] key

-momentarily to advance o the next digit. The flashing digit |

will move to the next digit te its rdght. Repeat this process
uniil the new limit value is entered. Press and hold the
[MODE] key for 1 second to exit data entry mode.

4. I there is any change to the existing value, the display
shows “Save?’ Press [¥/+] to accept the new value and
move to the pext sub-menu. Press [NA] to discard the
changes and move to the next sub-menu.
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4.5.2 Change STEL Limit

This sub-menu itern allows the user to change the STEL limit.
The display shows “STEL Lmit?”

1. Press the [X/] key and the display will show a flashing
cursor on the lefi-most digit of the previeusly stored STEL
limit.

2. To modify this limit value, use the [YA] or BNAT key to
change the digit valee and press the [MQDE] key
momentarily to advance to the next digit. The flashing digit
will move on to next digit to its right. Repeat this process
unti] the new limit values is entered. Press and hold the
[MODE] key for 1 second to exif data entry mode.

3. If there is any change to the existing value, the display
shows “Save?” Press [¥/H] to accept the new value and
move to the next sob-menu. Press [N/< to discard the
changes and move to the next sub-menu.
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4,51 Change Low Alarm Limit

The second sub-menu item in the Alarm Limit sub-menu allows
the user to change the Low Alarm limit. The LCD displays
“Low limit?” Te change Low Alarm limit, press [¥/+] key, or
Press [N/-] key advance to next sub-menu in Table 4.5.

1. Press [Y/+] and the display will show a flashing cursor on ‘

the left-most digit of the previously stored Low zlarm limit.

. To modify this limit value, use the [Y/A] or [N/-] key to~

change the digit value end press the [MODE] key
momentarily to advance to the next digit. The flashing digit .
will move to the next digit to its right. Repeat this process
until the new linit values is entered. Press and hold the
[MODE] key for 1 second to exit data entry mode,

. If there is any change to the existing value, the display
shows “Save?” Press [Y/4] to accept the new value and

changes and move to the pext sub-menu.
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4.5.3 Change TWA Limit !

This sub-menu ftem allows the user to change the TWA limit. .
The L.CD displays “TWA limit?”

1

Press [Y/#] and the display will show e flashing cursar on |
the lefi-most digit of the previously stored TWA limit.

. To modify this limit value, use the [Y/+] or [N/} key to

change the digit value and press the [MODE] key
momentarily to advance to the next digit. The fiashing digit
wilt move on to next digit to its right. Repeat this process '
until the new limit values {s entered. Press and hold the
[MODE] key for 1 second to exit data entry mode. ;

. If there is any change to the existing value, the display

shows “Save?’ Press [Y/+] to accept the new value and
move to the next sub-menu. Press [N/-] to discard the
changes and move te the next sub-menu, .

4-19



PROGRAMMING

4.6 Change Datalog

The MiniRAE 2000 monitor caleulates and stores the
concentration and I of each sample taken. In the datalog sub-
ment, a user can perform the tasks and functions shown below.

Datalog Sub-Menu
Reset Peak/Minimum?
Clear Data?
Change Data Period?
Change Average Type?

— — 4:20
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4.6.2 Clear Data

This finction will erase all data stored in the non-volatile
datalog memory. Note: This function does not change STEL,
TWA, Peak, Minimum and run time values, which are stored in
the regular data memory.

1. “Clear Data?” is the third sub-menu item in the Datalog sub-
menu,

2. Press the [¥/+] key to clear the datalog memory. The
display shows “Are you sure?”

3. Press the JY/M] key again to cornfirm erasure of all the
datalog memory.

4. Press the [N/-] or [MIODE] key to exit without ¢learing the
datalog memory and move to the next datalog sub-menn.

am
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4.6.1 Reset Peak

This function will reset the peak and minimum stored in the
data memory. Note: this function will not clear the STEL or
TWA data.

1. “Reset Peak?” is the first sub-menu item in the Datalog sub-
menu (Table 4.6},

2. Press the [YA] key to reset the Peak/Minimum Values. The
display shows “Are You Sure? -

3. Pressing the [Y/+] key again will reset the values. The
display shows “Peak/Minimum Cleared” and moves to the
next submenu.

4. Press the [N/} or [MODEJ key to exit without resetting the
values and move to the next sub-menu.

PROGRAMMING

4.6.3 Change Data Period

The datalog period can be programmed from 1 to 3,600 seconds
(1 hour),

1. “Change Data Period?” is the fifth sub-menu item in the
Datalog sub-menu,

2. Press the J¥H] ey and the display shows “Datalog Period
= XXXX" with the left-most digit flashing, where “XXXX~
is the previously stored data log period.

4. To medify this period, starting from the Jefi-most digit, uise
the [Y/+] or [iN/-] key to change the digit value and press the
[MODE] key momentarily to advance to the next digit. The
fashing digit will move to the next digit to the right. Repeat
this process until all 4 digits of the new period are entered.
Press and hold the [MODE] key for 1 second to exit data
entry mode.

5. If there is any change to the existing value, the display will
show “Save?” Press [YAH] 1o accept the new value or [N/-]
to discard the changes and move to the next sub-menu.
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4,6.4 Change Average Type

The user can select cither an 8-hour Time Weighted Average
(TWA) or a running Average. The running average is simply
the average of all instantaneous (1-second) readings since the
measurement was started. This average may increase or
decrease with time depending on the readings. The TWA isa
cumutlative value used to estimate the fraction of the 8-hour
1imit to which the user has been exposed since the start of the
measurerment. This value can only increase or remain constant,
never decrease, Refer to Technical Note 119 for more
information on how TWA is calculated,

1. “Change Average Type?” is the sixth sub-menu in the
Datalog sub-menu.

2. Press the [Y/+] key to enter the function.

3. The display will show “Running Average?”
Weighted Average?" depending on the ¢!

4, Press [N/-] key to topgle between the average types. Press
[YF+] key to sclect the displayed average type.

5. If there is any change to the existing setting, the display
shows “Save?” Press [Y/+4] to save the changs, Press [N/-]
or [MODE] to discard the change and retumn to the first sub-
menu.
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4.7 Change Monitor Setup |

Several monitor specific variables can be changed in this menu, |
The following is a list of configuration data that can be
modified by the user, |

Monitor Setup Sub-Menu Diagnostic Made |
Change Operation Mode? “ |
Change Site ID? Change Unit ID? }
Change User ID? Change Host ID?
Change Alarm Mode? * '
Change User Mode? * I
Change Date? “ 1
-Change Time?......... .. w ¥
Change Lamp? = |
Chanpe Pump Duty Cycle? “ |
Change Unit? *
Change Dilution Rafia? = !
Change Qutput? “ |
Change DAC Range? “

Set Temperature Unit? "

PROGRAMMING !

4,71 Change Operation Maode |

MiniRAE 2000 supports two operation medes: Survey and
Hygiene mode, |

Survey mede: Manual start/stop of measurements and display
of certain exposure values. ]

Hygiene mode: Automatic measurements, running and
datalopging continuously and calculates additional exposure
values.

1. “Change Op Mode?” is the first sub-menu item in the
Monitor Setup menu (Table 4.7), !

2. Press the [¥/+] key and the display shows the current user
mode: “Op Mode = current mode?” 1

3. Press the [YA] key to accept the curremtly displayed
operation (Op) ‘mode. Press [N/] to toggle to the other,
operation mode. Press [MODE] to exit this sub-menu and
move to the next moniter setup sub-menu.

4. When changing Op mode from Hygiene to Survey, the '
display shows the additional message “Warning! Exit
Hygiene?” to prevent accidental exit from Hygiene mode. |
Press the [Y/4] key to acknowledge.

5. If there is any change lo the existing setting, the display will |
show “Save?” Press the [Y/+] key to accept or the [N/-] key
to discard and move to the next sub-menu.

Note: If a new Op Mode Is saved, the display shows “Op Mode '
chanped!!” when exiting the programming mode.
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4.7.2 Change Site I

The user can enter an 8-digit alphanumeric site ID in the,
progtamming mode. This site ID will be included in the datalog
report.

1. “Change Site ID?” is the second sub-menu jtem in the
Monitor Setup menu (Table 4.7). !

2. Press the [YA] key and the display shows the current site
ID: “Site ID = xx0000¢” with the left most digit flashing.

3. Press the [¥M] or [N/-] key to cycle throngh all 26 letters
apd 1% numerals, Press [MODE} momentarily 10 advance to
the next digit. The flashing digit will move to the next digit
to the right. Repeat this process until all § digits of the new
site 1D are entered.

4. Press and hold the [MODE] key for 1 second to exit the;
data entry mode.

5. If there is any change to the existing site 1D, the display
shows “Save?” Press the [Y/H] key to accept the new siie
ID. Press the IN/-] key to diseard the change and move toi
the next sub-menu.
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4.7.3 Change User ID

The wser can enter an 8-digit alphanumeric user ID in the
programming mode. This user ID will be included in the datajog
report.

1. “Change User ID?” is the third sub-menu ilem the Monitor
Setup menu.

2. Press the [¥/A key and the display shows the current user
ID: “User ID = xxxxxxxx’ with the left most digit flashing.

3. Press the [Y/+] or [N/-] key 1o cycle through all 26 letters and
10 numerals. Press [M{ODE] momentarily to advance to the
next digit. The flashing digit will move to the next digit to
the right. Repeat this process uniil &ll § digits of the new
user 1D are entered.

4. Press and hold the [MIODE] key for 1 second to exit the
data entry mode.

5. If there is any change to the existing user 1D, the display

shows “Save?’ Press the [YH] key to accept the new user
ID. Or press the [N/] key to discard the changes and move
to the next sub-menu.
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4.7.5 Change User Mode

There are two different user modes: Display and Program that
can be selected from the programming mepu.

1. “Change User Mode?” is the fifth sub-menu item in th
Monitor Setup menu (Table 4.7), :

2. Press the [Y/+] key; the display shows the current user
mode selected.

3. Press the [Y/H] key to accept the currently displayed user
mode. Press [N/-] key to toggle to the altemate user modes,
Press [MODE] to exit this sub-menu and move to the next
monitor setup sub-menu.

4. If there is any change to the existing selection, the display
shows messages “Program change” and “Are you sure?”
Press [¥/A4] to confirm the change or press [N/] or
[MODE] to discard the changes and meve to the next sub-
menu.

CAUTION: If the user made is changed w Display mode, the
user can no longer enter the programoming mode. Therefore, the
user can not change the user mode back to Program mode in
normal mods.

To restore the user mode back te Program mode, turn the unit
off and back on in Diagnostic Mode. Next enter Program mode
by holding the [MODE] and [N/-] keys for three seconds, Enter
the passward at the prompt {the default 1s 0000). Once program
muode is entered, go to the “Change Monitor Setup” / “Change
User Mode” and change the mode back 10 Program.

An alternative way to change Display mode back fo Program
mode is through the PC and the ProRAE-Suite software.
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4.7.4 Change Alarm Mode?

There are two different alarm miodes: Latched and Automatic
Reset (Auto Reset) in the MiniRAE 2000 that can be selected
from the programming menu.

1. “Change Alarm Mode?” is the fourth sub-menu item in the
Monitor Setup menu.

2. Press the [YH] key; the display shows the current alarm
made.

3. Press the [¥/+] key to accept the currently disptayed alarm
made. Press [N/-] key to togple to the other afarm mode.
Press [MODE] to exit this sub-menu and move to the mext
meniter setup sub-menu.

4. If there is any change to the existing setting, the display will
show “Save?” Press [Y/+] to save the change. Press [N/-] or
[MODE] te discard the change and move to the next sub-
INenit.
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4.7.6 Change Date

The MiniRAE 2000 menitor is equipped with a real fime clock
(RTC). The user can enter the correct date and time (see 4.7.7)
for the real time clock.

1. “Change Date?” is the sixth sub-menu item in the Monitor
Setup menu.

2. Press [YA] and the display shows the current date “mm /
dd / yy” with the left most digit of the date flashing.

3. To modify this value, use the [¥/+] or [N/-] key to change
the digit value and press the [MODE] key momentarily to
advanee 1o the next digit. The flashing digit will move on to
next digit to its right. Repeat this process until the new date
and time valies are entered. Press and hold the {MODE]
key for 1 second to exit data entry mode.

4. If there i5 any change to the existing value, the display
shows “Save?” Press [Y/4] to confirm the new value or
press [N/-] or [MODE] to discard the changes and move to
the next sub-menu.
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6.3 Sampling Pump—-

When approaching the end of the specified lifetime of the
pump, it will consame higher amount of energy and reduce its
sample draw capebility significantly. When this cceurs, it is
necessary 1o replace or rebuild the pump. When checking the
purap flow, make sure that the inlet connector is tight and the
inlet tubing is in good condition. Connect a flow meter to the
pas inlet probe. The flow rate should be above 450 cc/min when
there is no air leakage.

Figure 7-3 Sampling Pump

MAINTENANCE |
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6.4 Turning on the UV Lamp. - !

The UV lamp is made of a glass envelope and a UV window
{salt crystal) on cne end of the envelope. The nside of the lamp
is filled with low pressure gases. To turn on the lamp, a high
voltage electric field is applied from the outside of the glass
envelope. The molecules inside the lamp are fonized and|
produce a glow discharpe that generates the UV light. The
MiniRAF 2000 has a butli-in sensing mechanism to moritor the
status of the UV lamp and display 2 “Lamp” error message if it
is net on,

If the UV lamp has not been used for a long period of time (> 1!
month) or is ¢old, it may become slightly harder 1o turn on. If
such a condition ocours, the “Lamp” message will appear in the
monitor display durdng the power on sequence. This

phenomencen is mare significant in 025" UV lamps used in

ToxiRAE and MuliRAE Plus products, becanss of the,
relatively small lamp size. To solve this problem, simply turn

cn and off the monitor a few times and the lamp should tum on,

After the UV lamp is turned on for the first time, it shouid be*
easier to tuzn on the UV lamp next time.

Tt is possible that the TV lamp is actually on when the lamp
error message appears. This is because when the lamp becomes

old, the internal threshold level to detect lamp failure may have

shified and cause a false alarm. To eliminate such possibility,

simply check to see the UV Jamp is actually on. This can be

done easily by removing the sensor cap and observing the glow

light of the UV lamp in a dark place. The vser can also feed the

mounitor with calibration gas and observe if the sensor reading

changes. If the reading changes significantly with the gas, the

UV lamp is actually on. .

A possible failure mechanism for the UV lamp is a leak
developed alang the seal of the glass envelope. When such
condition occurs, the lamp will became very hard or impossible
to turm on and wilineed to be replaced.

60

Pump Replacement.-.
1. Turn off the MiniRAE 2000 power.

2. Open the battery cover, remove the battery pack, and|
carefilly unscrew the six screws to open the bottor cover.

Ly

. Unphig the pump from the PCB. Unscrew the two screws |
that hold the pump assembly to the PCB. Discennsct the
Tygon tubing that connects the pump 1o the gas inlel port and
gas outlet port. 1

i

. Insert & new pump assembly. Connect the Tygon tubing to
the gas inlet port. Plug the pump comnector back into the
PCB and screw down the pump assembly to the board.

n

. Replace the bottom cover and tighten the six screws. Re-
connect the battery pack. Replace the battery pack and its
cover.

6-8

TROUBLESHOOQTING

7. TROUBLESHOOTING

To zid the user in diagnosing the monitor, a special diagnestic
mode can be used displays critical, low level parameters.
Bection 7.1 describes the operation of the diagnostic mede.
Section 7.2 summarizes the frequently encountered problems
and suggested solutions. By tuming on the MiniRAE 2000
monitor in diagnostic mode and by using the troubleshooting
table in Sectien 7.2, the user can usually correct the problem
without having to return the monitor for repair.

WARNING

This function shonld be used by qualified personnel only!
‘The diagnostic mode allows the user to set several low-level
parameters that are very eritical to the operation of the
maonitor. Extra care shounld be taken when setting these
parameters. If the nser is not familiar with the function of
these parameters and sets them ineorreetly, it may cause the
monitor te shut down or malfunction.

7-1 o~




TROUBLESHOCTING

7.1 Troubleshooting Table

TROUBLESHOOTING
Inlet flow toa low Reagons: Pump diaphragm damaged or
has debris.
Flow path leaks.
Solutions: Check flow path for leaks;

sensor madule O-ring, tube
connectors, Teflon tube
compression fining.

Replace pump or diasphragm.

“Lamp” message during
operation

Reasons:

Sajutions:

Lamp drive circuit.
Weak or defective PID lamp,
defective.

Turn the unit off and back on
Replace UV lamp

Full scale measurement in
humid environment

Reasons:

Solutions:

Tty or wet sensor.

Clean and dry sensor and
lamp housing. Adjust sensor
fingers to ensure not touching
Teflon. Use water trap filter.

Reading abrormally
low

Reasons:

Solutions:

Incorrect calibration.
Low sensitivity to the specific

Bas.
Weak or dirty lamp.
Ar leakage.

Calibrate the meniter.
Replace sensor.

Clean or replace lamp.
Check air leakape.

Problem Possible Reasons & Solutions

Cannot tim og power Reasons: Discharged battery,

after charping the battery Defective battery.
Microcomputey hang-up.

Solutions: Charge or replace battery,
Trisconnect, then connect battery to resct
COMpUter.

No LCD back Jight Reasons: Trigger level oo Jow, the
current mode is not nser
mode, and the mode does not
support automatic turn on
back light.

Sotutions: Adjust tripger level.
Verify the back light can be tumed on in user
mode. Call authorized service center_

Laost password Solutions: Cal! Techuical Support st

+1.408 .752 0723 or +1. 888 .723 4R00

Reading abnormally Reasons: Dty sensor modute.

High Dirty water trap filter.
Excessive moisture and water
condensation.

Solutions: Clean sensor module and
lamp housing. Replace water
trap filter.
Blow dry the sensor module.

Buzzer Reasons: Bad buzzer.

Inoperative
Solutiens: Call authorized servies
center,

Iz .
APPENDIX A

APPENDIX A. QUICK REFERENCE GUIDE

Press [IN/-] and [MODE], simultaneously, for 3 seconds, to
enter Programming Mode. Press [MODE] to return to Survey

Maode,

PROGRAMMING MODE

{CalibratesSelect Gas [ Press [¥{+] 10 select menn} E

Span cal?
o Select cal memery? e
mone] 4 Change span value?
Mudiy cal memery?
Change carrection, factor?

T pirn1—+] Fresh air cal?

| Change Alarm Limis?

| L pvrag—] High fimitt ——————

N}

=

[NF]

Change Datelog?
[iej—w Resel Peak/Minimom? ]

IMODE]~| Clear data? INF]
Chawge dnea period?
Change averape iype?

s s.n%e Monitor 7
tij—»] Change Op Mod:?-m——l
[N

] Change Site ID?

— (MODE] Change biscr ID? Ue]

Change Alarm Mode?
Change User Mode?
Change Daie?
Change Time?
Change Lamp?
Change Punp Dury Cycle?
Change Unit?
Change Dilution Ratie?

: Change Dutput?

" N Change DAC Range?
Set Temperature Unit




RAE Systems, Inc, Contact Information

Main Officer 3775 N. First St.
San Jose, CA 95134-1708

USA

Telephone: 408-932-8200

Fax: 408-952-8480

Instrument Sales: §77-723-2878
Email: RaeSales@raesystems.com

‘Website:

Www. ragsystems.com

Technical Service: B888-723-48G0
Tech@raesystems.com

'Speclél Note

Ifthe moniter needs to be serviced, contact either:

1. The RAE Systems distributor from whom the moniter was
purchased; they wifl return the monitor on youz behalf.

2. The RAE Systerns Technical Service Department Before
returning the monitor for service or repair, obtsin a
Returned Material Aunthorization (RMA) number for proper
tracking of your equipment. This number needs to be on all
documentation and posted on the outside of the box in’
which the monitor is returned for service or upgrade.
Packages without RMA Numbers will be refused at the

" faciory.

APPLICATION NOTE

RAE SYSTEMS PID TRAINING QUFLINE

What is 2 PID?

A Photo-Tonization Detector measures VOCs and other
toxie gases in low concentmtions from ppb (parts
billin} up 0 10,000 ppm (parts per million or 1% by

charged. In the Detstor these chagged particles produce a
curront thal is then amplified and displwyed on the meler
a5 “ppm” {pats per million) ot cven in “ppb™ {parts por
billion). The ions quickly resombine aflor th clostrades
mt‘n:dwm:lar(u ‘reform”™ thelr original molecule. PIDs
: they do not “burn® or permanenily

volume). A PID Js a very sensitive brond:

mammr likea “lm\‘-lnv:l LEL monitor. RAE Sysh:ms
in PID (echnolopy havs mipjstodzed and

"Ruggrdmﬂf’PLDa albowing them o rovide new and

iwmo¥ntive meniloning selitions fur:

= EELMeasuypments: FIDs provide o more refiable

mednd of measuing LEL {4 applications like Jat Fuet
and Turpenlios vapors {ref. AP-200), 204, 219)

= Ammaonia: (ref. AP-20)

Pt Mat; Hazardous Malerials Response (ref, AP-

203)

Eeat Transfer Fluids: (ref. AP-205}

Amor: (ref AP-207)

Tndurhfal Flygiene: 1o help determine chepical

exposures {rel AP-211)

Indour Air Quslity; (el AP-212)

Environmentel: residual soil, sir, or witler

cantamination (rmf. AP-214)

Safety: Canfined Space Entry (ref. AP-211}

Maintenance: Leak defection snd fugitive

cmissions moniloring {ref. AP-214)

Twmestic Prepaiedness. (refl AF-216)

Clan Labs: (el AP-220)

How does a PID Work?
A Photo Tanifzatien Deteclor (PID) uses en Litaviolct
TV li gl s (I’Imm—lighl)tn brzak down
chemicals ¢ positive and megative ions (fonization) that
can casily be cousted with o Datector. Ionization o
when n molsoule absarbs the high energy UV fighs, which
exeites th molesule and results in the temparary loss of 2
negatively charged elsstron and the formation of
pusifively chrged ion. The ges becomes dlectioally
An oplical system using
Ultravialet farmp ta breakdoym
wapars and gases for
mezznrement

Charges gastans
Mot charged
prates inhe

Ieptsesby sensor mma
e UV gy aurrat|s predvesd

D E J——

A=
RN

slter the simple gas, which ellows them to be used for
sample gathering.

What does 1 PID Measure?

AH elements and chemicals ean be jonized, but thoy differ
in the emornt of energy they require, The éncrgy requited
1o disglaes an elestan and “jonize™ e compound is called
its lonizatien Potential (2F), measured in clectrwn velts.
{#¥). The light cnacgy conittad by o LIV famp s alsa
measured in <V, If rire IP of the sample gas i fess than
ihe eV outpudt of the lamp, then fe sampie gas will be
jonized

PID Operation Simplified

While this saunds eamplicated, il is very simply

cxpleined. A PID uses a lamp o break down gaesand

VAPOIS.

= Jfiie “wanage” of o pax or vapor is less thaw
the "wariage" of the PIL) lamp, then the PID
can “see ™ the ges or vepor.

s Iftie “wanage” of the gas or vapar is greater
thar thar of e PID fosnpr the PED canmot Vsce™
the vapor.

Therefore, a PID with & “75 watt™ lamp soidd soe 250

wall” gas bt could not “see® & "BS watl” gs, “Wottage™

for PIDs s expressed in “Elestron Vobis™ or oV and is
known as the Tonization Potentia (IP) for n paricular gas
or vapor. Ionization Poteatial is 2 measure of the bond
strength oFa gas_er how well it is “Buflt”

Same lorization Potenbals §Fs) for Common Chemigais

a0say | 412w | Notkontzatie

.

" =L
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=R

.
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Benzene has on IF of 924 ¢Vand can be seenbya .
‘standard” 10,6 eV lamp. Methylenc Chlorids hos an IP

of 1132 6V and con enly be seen by an 11.7 £V lamp. .

Carbon Monoxide hes an IP of 14.03 ¢V und cannot be

ionized by a PID Jamp.

TPs can be found in the MIOSK Focket Guids, FID

manufacturer literaturs or in many chemical texts. RAE

Syslems uses a MIST (Natiopal fustitute of Seicnee &

“Technnlogy) Database containing aver 11,000

compaumds te determine [Ps of new compouads to be

measured {please wleeenes RAE Systems publication Th-

106 “Correction Factors, lontzation Pafenlizls and

Calibration Charasteristics™).

‘What Does a FID Measure?

The Inrgost grovp of compounds mersumd by a PID are

the Organies: compounds cenlsining Crban {C) atoms.

These include:

+  Aromatics - compeunds containing n benzeric ring
including benzere, totuzne, iyl benzene and xyleac.

+  Ketones & Aldehysles - compounds with s C=0
biand including acctons, methyl cihyl ketong (MEK)
and neetoldehyde.

«  Amines & Amides - Carbon compounds conlaining
siteagers, like diethylamine.

.« Ch bydrocarbans -
(TCE), perchlaraeibylene (PERC)

= Sulfur eompaunds— mercaplans, solfides

. like Dtadiene and .
tsobutylene

a  Afeahol’s- like isopropmc] {IPA Y and ethanal

*  Eniturated bydrocarbons - like butane and octane

In addition to argonic compowmds, PIEk can be used 1o -

‘mesrs som Inargunics, Thess nrs compounds withaut

<carbon and inchude:

= Ammonia

Semicenductor gases: Arsine, Phosphine

Hydrogen sulfide

Nitric Ogide

Bramine and lodine

‘What PIDs Do Not Measure
»  Radiation
© Al (b, O, €0, HR0)
+  Comnen Toxies (OO, HON, S03)
+  Nalral Gas (Mcthane, Ethane)
+  Acld Gases (HCL HF, HNOy)
- Others- Freons, Czone (05), Hydrogen peroxide
»  Non-volatiles: PCBs, Greases

8.8 & 10.6 eV versus 11.7 ¢¥ P1D Lamps

Al first glaace, it may oppear that ta mcasure the broedest

range of gases with a PITY pn. 11, 7V lamp shauld be used

instead of 2 10,62V Inmp. However, the following must

be considered:

* 9.8 and 10.6 are more specific: fower [P means
thal they “see” {ower chemicnls.

PID Training Ontline page 2

9.8 and 10.6 Iast a few yeers: nhout the same
lifetime and eost as a CO sensor.
9.8 and 10.5 are mare sensitive: 11.7 ¢V lnmpa
pravide lower rasoiution the lithium fluoride
erystl in the 11,7 &V lamp docs notallow as much
Tight cnergy Theough, effestively making the 11.7 eV
Tamp “dimmer™ then the 10.62V lamp. Tess ansigy
transmitted micans lss fomization taking place, which
redoecs the polonlinl reseltion. Essentially 5 106
V lamp s 10 times more powerfut than an 117 ¢V
lamp. Therefore, for best aevuracy, it is oot
recomumended to use 11.7 €V lamps for upplications
requinng very high sensitivity, Examples include
formaldehyde which hus pn OSHA TWA of just 0,75
Ppm.
11.7 have a shurer fife than 9.8 or 10.6. AB117
<V lumys (including those made by RAE’s
<compelitors) have & window made of Lithivm
Fluptide (o transmi the high cncrgy UV light,
Lithium Fluoride is harder to scal to the lamp glass,
§ Very hyaraspopio and readily absorbs water From
afr even when ol in use. This eauscs the window to
ot of Hight iransmitted
it Fluoride alsa is
degmded by UV light, the mors the instrument is
used the preater the domage. These factors
comfribute ta a shortened lamp Efe. While a 10.6 6V
lamp can last 24-36 months, an 11.7 €V lemp will
typically ast only 2-6 moenths.
11,7 ¢V bulbs should only be used when
entapounds with IPs over 186 e¥ are expected:
Examples include methylene chloride, chloroforsy,
&nd enrbon tetrachbide:
Least exprasive and easiest ta change [L.7 ¢V
lamp: While RAE Systems” 11.7 ¢V lamp is the
Teast expensive in the PID macket, with some 117
€V lamps costing 2 much as $500, they fill are
more cxpensive than 3 10.e¥ lamp. Unlike sume
PIDs that require expensive conversian kits, RAE
Systems 11 7eVInmps rap right into our
neeessary. You
change the 'J:!mp, recalibrate snd measure.
Lo Term Stovage of 117 Lamips: Asa solution
o the problem of shar Yifettme for 11.7 lamps, RAE
offies thom paokaged in sealedt ghoss ampoules, The
gasintheampoulo is the Some &% in the lamp, The
ampoule elfectively packages o now limp in a famp,
When the 11.7 Jomp is required, the ampouls Is
‘roken, the lamp remaved and inseried inta the PID.

Scorelinetn 1176V lamp
Facditale Inside of Ampanle
breaking the

ampatle



This empoule is ondy available for the 44" lamps used
in the MUtiRAE and ToxiRAE FIDs.

«  Extenging 11.7¢¥ Lamp Life: 11.7¢Y lamp life
o be exiended il the lemp is stored in a desiccant
envirenmenl (in or aut of the PIDY between uses,
Thiz can simply be a container contoining “sifica o™
drytng packa like thase that ship with electconiv ond
camera equipment, it i nat eammended o starc
MultiRAEs i o desiccant environment becans this
will decrease the ke afils clectrochemicul scnsars,

Selectivity & Scnsitivity

APITHis & very sersitive monitar (il cap ceurilely
measure gases ond vapars in [ow ppm or even pph lovls,
However, the PID is oot iy sefective monitor. 121 has very
Hiaile ability o differentiate betweon chemienls, To
visualize s, let’s compare the PID o 0 ruler. A ruleris
a sensiiive amd acelmte means of measuring the widih of
asheet of paper. But it cannot tell the differcnee brtween

known concentcation of torpet gas (Ref. TN-120
“Measvrng Correction Faciors for Volmtile Compounds
with FIDs™). Carrcction Faciars tond o b jastroment
and'ar manufactures specific so it &5 best ta use the CFy
from the manufactuscr of the PID. Thercfoee, it may be
bestio chonse a PID manufaencer with the forgest Fsting
ol CFs. RAE Systems has the Jaggas! list of Correction
Factats available for PIDs {raf. TN-106). Hawever,
white coneation Fictors are canvenient, it is alwnys best
torcalibrate on the pasivaper of interest for the highest
Measuremont BECUTACY,
CF Meantres Seasitivity
Correction Factors are sealing [zetors used to pdjust the
sensilivity of the PID to directly measure a particular gas
compared to the calibration gas, The lower the
Carrection Factar (CF), the morc sensitive the FID is s
pas or vapor. The Following cxample uses CFs from a
RAE Systems 10.6c¥ lamp:
= Toluene's CF is 0.5 50 the PID»is very sensitive to
Toluene
= Ammonia’s CF is 9.7 so PID is 1cas sensitive to
Ammania
The PID is approximately 1% fimes more sensifive to
Toluene as it is to Ammania (5.7/0.5=19.4).

l-.:

gy and white puper. Therefisre, if anc wants to know the

width of the gray sheet of paper, Tt person must first
seleet the proper sheet of paper belor measucing with the
ruicr. We use our ead Lo determine whictt shest of
paper i gray.

“The PIT is similac to the ruler. It can tell us how much of

& ZA5 UI YRpor is present, but we nwst sse pur hend to
determine Ihe exact gas or vapor presenl. When
approacting un uaknown chemical releage, the PID) js st
to s calibration gas of ieobutylene, Onee ths chermiesl s
tdeatified by meons of placary, manifest, waybill or ather
means, the PID seasitivity ean be adjusted lo that
chemical so that il reads in an accutate scale. For
example, if we calibmtc o isobutylenc and happes lo
measure @ loluene leak of 1 pp the PID will display 2
P bocause it 78 bvice as semsitive to toluene as it js o
isobutylenc, Once we have ideeificd the lealk s toluene,
{hen the PITY scale ean be set o & foluens Correction
Factor 2nd the PID wilt accumtely read 1 ppem ifexposed
ta 1 ppm of toluena.

Reprember that we use our liead for “selectivity” and
the FID “sensinivity.” No Correcion Factor is used
wnell a compaind is identified

What's a Cerrection Factar?

Conrestion Factors {CF, also known 15 Response Factors)

arc a pewerful foal in the use of PIR:. Thoy s s
mcasure of FIV sensilivity te a particudor gas. CFs
permit calibration on one ges whilt dircelly rading the
coneentration of another, clminnting te need For
multiple calitration gascs, PID determing
Cerreclion Factors by measwring s PIIV's responss 03

PID Training Guitive page 3

Competitors RF Excited Lamp

The electrodeloss Jomp is put inte u coi! of wire and is

subjected 12 high

fiomioney cxeilaion

energy (12-14 MEz) to

gererate n glow

discharge in the lomp.

Hogh Power

Corsumption

«  Subjectto RF:
High frequencey
exeilation cnergy i
cPteted by tadios &
power finss beeause UY mindowr
Radio Frequency
(RF) ool can acr as an antenpg

= Higher

RF call

Metallic seal

Maintenance: RF cuvgling efficiency Neeis fo

RF roupling
sfBciency
requircs
perfectly uned © Tteniiy]
driving eireuit
These camplex
cireuits require
constant tuning.

palt

Advantages of RAE"s Electrodeless Lamp

The RAE Jamp is put UV whndow

inta a low frequency
T field which Glazs seat
indireedly excites the
gasinitto glow. This
sistuads

ialiks using &
microwave oven ia
cook feod. Both the
Jamp and the foad are
eicited to rodiole (hest
for the food, light for
the amg) by o
external field.
= Extremely low
power draw: RAE's-Electrodeless Discharge
Jamps have an extrentely low power draw.

Excilation

[AVAVAN

Low froguetiey = 100KIT:

Glor discharge

Time constant of ianizabion chamber
& PID circuit > RF cxcitation signal
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(els 38 antenna)

atay runed

/ 1 this
/\ aprbual

Guidelipes for using Correction Factors

1. Ifa chemnical is very taxic then iFthe P10 is poing lo
be used 1o measurs it the PLD showld be very
seasitive to thet chemical. Therefore, if the chemical
has an exposura Fmil of 1l ppm or less, a PID isan
appropriale took for personal safety decisions iFthe
chermital”s CF is less tham 1.8, ¢ & Boazenc hos an
expaspre Himt of 1 ppmand o CF of £.5)

2. Lfs chemieal is not extremely texic, then the PLD
doesn’Lnesd 10 be os sensiiive to it. Therefore, ilhe.
chermieal bas om exposure Jimit of aver 10 ppm, a
PID is 2n appropristc tasl for personal safely
decistons if the chamical’s CF is fess than 16, (e.g.:
ammania hos an expasts fimit of 25 ppmand o CF
ofa,7)

3. Ifthe chemical’s CF is greater than 30 P[Ds are
still appropriste ss gmss keok deteetors (e.g.: cthylens
oxide has a CF of 13 with o 10,5 Jamp) and are oaly
sppropriate for persansl safety decisions for
chemicals with very high oposure limits.

Microprocesor PID, fike the MiniRAE 2000 and

PASRAE, cn automalically storc and apply over 185 CFs.

Resulting in a cool latap and small bateres.
Low power draw is a key factor In decreasing
the size of RAE PIDs.

*  Nainternal cotamination: Elcotrodeless
discharge lamps are externally excited end have
0o metal in them to damepe, erode or migrate.

» Estremely rugped: Becouse they reduce or
elimimate metal to glass interfaces electrodeless
discharge lamps are extremely rugged. RAE
Spstems has totally elitminated ail metal-glass
interfaces in their 1.6 eV lomp. The
magnesinm fluoride erystal is welded o the
lamp's glass,

4 Virtually 2o RFIor EMY: RAE lamps are
powered by & low-frequendy cleutrcal ficld.
Compared with electrode discharge lamps, this
method virtually efiminates Radio Frequency
Interference {REI),

How has RAK Systems Advanced
PID Sensors?

Competiters Axial Flow Sensor

Sample entecs a larpe sensor chamber with continl pnode

and cathode susauading it e a dium, The sumphe
stream is directed direety 11 (e Jamp (23] Mow).

lon Flow (X axiz)
Sample & UV Flow [¥ axis}

Anode

Cathode

Sample out

*  Stower Redporse Time: sensor has laree sample
volsme and this requires a high bias voltage resulting
i kigh povwer demand and biz banorics.

= Slower Recavery Time: morc valume ta clear of
=mHe

CF Exumple: Tolucne

«  IfFID reads 100 ppm of iscbutylene units in s
Toluene atmosphers

& Then the actual concentrstion is 50 ppm.
Totuene umits

0.5¢r X 108 ppiit.= 50 By

CF Essmple: Ammonin

+  IFPIDreads 100 ppm of isobutylens vnils in pa
Ammonia atmosphere

» Theithe actual concentration is 370 ppr
Ammonia units
9.%cr x 100 ppmy,= 970 PP
How ta Determing if a PID eax Measure
Particular Gas
b Jsthe IPof the gasless than the eV outpt of the
arag?

* Ves: gotostep 2

+ No: Sclecta bigher ensray lamp. [Enone
availabie, then the FID eannol meastre thal

s

+  Dan’t Know: Mast FID manwfasturers con

het
2. Isthe CF less than 107

»  Yes: a P {5 on appropriate way of
measuring thel ges.

& No: a PID s not an ncourats teans of
measuring that gas, but it sould sl bea
good way of gross meastirement like feak
detection,

Don't Know: Call RAE at 877-723-2878.

‘Why Calibrate with Iscbutylene?

Tsobutylene has been used 1o ealibeate Pilks bocause jts
fvencss is about midpoint in the range of

ity of PEDs. Jtis relotively ey to obtain and is

How Has RAE Advanced PID
Lamps?

Cumﬁclitar‘s Electrode Discharge lamps

A high encray olectrie enrreat

i eotuducred 10 & pis misture
vin eleetrades. The electrodes
dirsolly sxcits (e ges mixture
o produce Tight. A form of
Vucuum (or Radig} tube
these “valve elecironic™
devices hove 5 numaber of

issnes.

+  Internal
‘Contaminution:
Electrode distharge

\smips suffer from
eroding eleekrodes thet depasit nn the Jomgp and
reduce lamp autput. We sce this on uprescent
tubes when the ends darken as the lamp ages White
10% drop in light output fs not deteetoblz by the
human eye, it can severcly affeet instement adings
and requiring merc frequent calibration and
ulfimately reducing lamp life.

« Mol ta glass inierfaces prone to failure: We
often serow incandescent lightbulbs in loo Gght and
they break Iovse Brom their base. This 3.2 zood
example of metal to plass interface Railove, Jtis
difienlt to band glass ta metat, znd every metal to
alase fterface i< s poteatial failvre point, Like
incandescent Tighthiilbs, metal fo ghass mferfices in
an cloctrods dischargs lamps are  potentiat filure
points.

= High pomerdraw:
Elestrode Dischorge.
Iamps havo o igh
power drw
compared to

Valtage

soxic and non-Aammible 0 The Jow
used for cafibeation. For years FIDs were calibntted with
benzene, but breauss of its corcinogenic prapertics
bonzens alibrations have boon phiased out. While PIDs
#re typlaaily salibrated with isetutylene, lhey canbe
calibrated with any ionizablo gas. For cxample, ifa PID
is to be used o measure coly Vinyl Chloride, e PID can
bz calibrated dircetly with 3 know concentration of Ving]
Chleride.

PID Fraining Omtline poge 4

#  Greater Hombdity affects; Light has firther to
teavel 5o meistims cen “block™ more light reducing
FID msponss,

= Mirelamp cleaning: Sampls & contamirnts are
dirested 10 lamip faos restilfing in the nesd for
Frequent lamyp eleanings.

Advantages of RAL’s “2-I Senser
T the two dimensional o7 “2-IF" sensor the sampls is.
dravn across the famp in 2 leminar munncr rather than st
the lamp in an zaxial manner. This Is the first of the two
dimensions and in the accompanying diagram flow i fhe
X zxis. The light comes up from fhe uV lamp ata 90
egree angle and i in parallel with the ion
Ao in the Y-axis of the accompanying
diagram. Togather they form the second
dimensian. “Fhis sensor is wed f the
MEnIRAE, MiniRAE Plus, MuliRAT, and
ToxiRAL Pk, The *2-0 semsor hao & very
swiall sensor chamber valume with fower bins
voltage otid Jess povwer mqUirements,

Sample Flow:
i axls)

Samplz in
Sample out
o [ o BREE

»  Fast Response: Placing the scnsar directly on
top of the lamp minimizes the samplc chambor
vohime md with the O-Ring scat provides
nearly instantanecus response times as good os
less than 3 see. to 30% to 2000 ppm. This
extremely fast tespense means more gecurate
and quicker Teak or "hot spot” detection. To
demenstrate this benefil of the MiniRAE, teke a
non-waterbased marking pen like a “Sharpic™
ot @ white-board markeér 2od make 2 smill line
on & piece of paper. The MiniRAE will casily
“find” this Jine in seconds.

= Fast recovery: Because the sample flow
travels seross rather than directly lowards the
lamp fnce, i top of the lamp chamber can be
seqled with an O-Ring.” Thas helps to decrense
response and racovery thnes of RAE PIDs
beeouse it prevents sample gas from
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discharge lamps,
‘These seveel wait
lumps woste energy
25 heat, requiring
furge batterics and ore ot a5 casy 10 use or cany.

»  High RFE: Weofien get a ham on our personal
adies when working near fuorescent fights,
Bleatrode discharge lamps suffer from the same bigh
RFI problom.

accumulating arotmd the lamp. Fest recovery
means that the reading quickly retrns 1o zero.
Fast recavery between samples mesms that
meltiple sampling (like headspace samples)
proceeds much faster than with eny other PID,
Fast recavery elso provides for succinet
detection of vapor lezks,

e Low humidity response: Laminar flow and
placing the sensor on top of the lamp face
maximizes the exposure of the gas stream 1o
UV light This drastically reduces humidity
and nan-fonizing gas interfercace in RAE

FPIDs. Hunddity maleesles absord UV like in
mmch the sanie way the fog absorbs Bght from
your cir headlights when you drive on ¢ foggy
day. Because of this, you drive slower on
foggy daysbecause you can cnly see things
that are ¢lose 1o your headlights. By keeping
the sensor and the sample gas close to the UV
light source. (Jike the “short lightpath” in the
accompanying diapram), RAE FID sensors
allow the UV light o get to the sample gas
befere the water maleeules can absorb or
diffuse the UV light The extremely fast
respense of the MiniRAE even allows users 1o
add sn external GoreTex™ memhrane (water
trap) ta prevent condensation from entering the
MimiRAE. This external Jilter is in addition to
the standard intemal hydrophabic filler and s
recommended for sampling in wet sample pits
or enytine an 11.7 eV lamp #s used. Even with
this water ap in place, response Lme is only 5
seconds,
Eliminatien Vs Compensutian for Maidlore: RAE
docs not liminate the afiee! of moisture in PIDs, but
compared fa other PIDs the aifects of maisture are
drastieally diminished, This meihod of climigating
meisture rather than compensating for moisture bas
Tess inherend disadvantages. Campensatian for
maoisture, ke using on clecitonic moisture
campcnsating circolr, oaly tums up the amplifer
circuit Thiscan Jead to false alarms and presents an
ndditional part of the moniter that requires
cadibration.
= Less Lamp Cleaning: RAE's laminor flow
PID sensorz direct the sample flow soross the
lamp lens rather than directing the sample Aow




towands the lanp lens like many other PIDs.
This rezults in less dirt and solvent vapors
accumulating on the Iamp lens becauss
contaminarys ideslly “keep going” past the
lamp face.

Advaniages of the RAF Systems “3-D"
Sensor

The “3.D* ton Flow
sensor builds (Z axis)
on the suceess

ofthe “2-I¥" Sample Flow

snsar. It hes % axls)

all the

advantagss of

the 2D .

semsor with UV Flow
zdditons] {Y axis)
features. Tn the

RAE Systems thies-dimerional or “3-D7 sansor, the
sample is drawn acrass the lamp in 8 lamingr manger
forming Ihe first of theee dimensions. The light comes vp
from the UV famp at a 90-deprec angle to the sample
Tow. The fon bias and sensing electrodes are not plates
fike in the 2-1) yenser. Rather they are fingers placed in
the sample Mow 5o that (he ion Dow s acvosy the semple
inthe Z-axis. This sensor is used in the MiniRAE 2000,
TMRRAE and a variant of i is uscd in the ppbRAE.

+  Lowest Humidsty Response: fhe 3-D sensor

clifiirsites thé Walls 8f the scnsor in thi 2-TIVérson,

irt can aceurulate on sepsar walls providing nuclei
of caridensativn, Mojstass is anracted to these
nuclet first, Ifenough din §s present, the maisture
can eendense and form and clectricat path from The
bias Io the sensing <lectrode. Thisis ealled smsov
“leakage" and users will obtain abnomully Iigh
readings, By eliminating the wall ia the 3-D scoser,
this sauree of moisture response is climinated.

«  Bettory Linearity: the 3-D) sensor increase finearity
ftors £-2000 ppm in the 2-E senser o 16,000 ppm.

»  Fastost response & recovery: Less than 3 sec. ta
20% p lo 10,000 ppm!

«  Simple famp & sensor cleantng: The 3-D sensor is
castly remaved from the PID withaut toals. This
abows operators, nol instrumenl technicians, o
quickly and casily clean grossly contaminatcl
sensars. Under nonmad usage, the 3-I sensor wall
clean itself whilc on charge (ref. TN-165).
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Tips an using a PID
Never Use Tygon Sample Tubing
Eoeauss bygon sampls tbing quickly absorbs muny
chemieaf vapors, it should NEFER be used in with PiDs.
Tygon lubing will reducs the PID readout when
measuring many chemicals and may cause “false
positives” when chemicala do not exist due (e the
“sirigasing™ of old chemicals from the tygon tubing.
Tyaon tubing is typically found as the remote sampling
tubing stpplicd with most sonfined space manitars.
Only Tellon, Teflon lingd tygon or similar non-redctive
tubing sheuld be used with FIDs, Teflon tubipg wilt not
absorb chemicals but it can gel coated. Clean

inated Teflon tubing with anhyd
(lamp cleaning solution) iF it gets coated with chemical.
‘When ts Cleun o PTD
Front time to time 2 PID lamp and sensor requires
cleaning. Historicelly, some PID nsers cleaned
1heir Jamps daily, often neglecting the sensor and
sample components befors the sensor. Typically
frequent cleaning is not necessary and con lead to
inadverten} damage to the P lamp and scnsor.
The following is a guidcline on when g PID
Tequires cleaning
Clean PID Lanip & Sensor
1. When displny creops tpvards afler good Zero
2. When PID responds lo maisture

..3.... When movement of PID resuits in responss an... .

display
+ How fa Cleap

1. Use anhydrous methanal (Lamp cleasing
solution)

2. Clran sample prabe and replace or claan filters.
IPID helds a siable zera after this step then
further cleaning may ot be noecssary

3. Clean lamp face with lens lissuc

4. Clean scnsor by immersian in cleaning solution
(an ultrasonic cleaner will speed cleaning)

v Drying the PID

1. Leloirdry ovemight

2. Wasm sir (not hef) will speed drying
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Sample - A sample is physical evidence collected from a facflity or the environmens, which is
Tepresentative of conditions at the point and times that it was collected.

Sample Collector - in the case of an eavironmental sample, this would be the emergency personnel
(e.g., Hazmat) collecting the sample; for clinical samples sent from sentinel labs,

Sample Courier — The sample courier s the person, generally a commercizl compeny (e.g., Federal
Express) that is responsibie for kransporing the sample from the sample coliector 1o the next sample
handlex,

Sample Custodiza — The sample custodian receives the sample from the sample courier and has
demonstrated competency in handling of samples and maintaining a COC.

40  RESPONSIBILITIES

Profect Manaper - The Project Manager is responsible for ensnring that project-specific plans are in
accordance with these procedures, where applicable, or that other, approved procedures are
developed. The Project Manager is responsible for development of documeatation of procedares that
deviate from those presented herein. The Project Manager is responsible for ensuring that COC
procedures are implemented. The Project Manager also is responsibie for determining that the
analytical laboratory has met custody procedures.

Field Team Leader - The Field Team Leader is respansible for determining that COC procedures are
implemented up to and incloding release to the shipper or laboratory. Itis the responsibility of the
Field Team Leader 1o ensure that these procedures are implemented n the field and to ensore that
personnel performing sampling activitizs have been briefed and trined to execute these procedures.

Sampling Personnel - It is the responsibility of the field sampling personnel ta initiste COC
procedures, and maintain custody of samples until they are relinguished to another custodian, the
sample shipper, or 1o a commen cartier.

50  INTERFERENCES AND POTENTIAL PROBLEMS
‘The following are interferences or potential problems associated with sample handling:
*  Samples should be protected from sunlight which may initiate photo-degradation of sample

components. Coolers should be kept tlosed as much as possihie,

e Delaving sample preservation (e.g., cpoling with wet ice) may cause chemical reactions to
accur, altering original sample compbsition. Impraper sample presesvation moy adversely
affect analytical resuks.
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NOTE: SITE-SPECIFIC CONEHTIONS MAY WARRANT CHANGES IN PROCEDURES
AND APPLICATIONS. FIELD STAFF SHALL DOCUMENT ACTUAL PROCEDURES IN
THE APPROPRIATE FIELD LOGBOOK.

1.0 PURPOSE

The purpase of this SOP is o pravide informalion on chain-of-custedy (COC) procedures to beused
e decument sample handling and ransport te a subcontract laboratory.

2.0 SCOPE

This procedure describes the sleps necessary for transfurring samples through the use of COC
recording process. A COC document (Attachment ¥) is required, without exception, for the
wacking and recordlng of samples collected for an-site or off-site analysis (chetmical or geotechnical)
dnring environmenta! projects. Use of a COC creates an accurate written record that can be used o
trace the possession and handling of the sample from the moment of its callection through analysis.
This procedure identifies the necessary custody records and deseribes thelr complation.

30 DEFINETIONS

COC - A €OC is a printed form {Attachment I) that represents a written legal document
accompanies a sample or group of semples as costody of the sample(s) is transferced from one
enstodian to another custodian. One copy of the form raust be retained in the project file.

Custediag - The person responsible for the costody of samples at a panicular lirme, untl custedy is
transferred to unother person {and s documented), who then becomes custodian. A sample isunder
one's custady il

- 1tisin one’s actual possession.

. Itisin one's view, after being in one’s physical possession,

. Tt wasin one's physical possession and then be/she locked itup 1o prevent tampering.
- Ttis in a designated and identified secure area.

=

TA - International Air Transport Association

D - Identification

PDA — Personal Dipital Assistant
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* Poor peomanship may cause the sameple IDs to be inaceurately recorded by the subcontract
laboratary. Write all information clearly on the COC, Minimize the number of sirike-out
lines if possible.

+ Samples may be delayed doring shiptment is shipping papers arenot completed appropriately.
Identify a information needed for shipping documents before the field event o ensure that
addresses, contact names, and billing nurabers are known and available.

*  Samples ean also become contaminated from spills and unclean coolers; therefore, all sample
shipping equipment must be kept clean.

60  EQUIPMENT AND SUPPLIES

COC Forms

Sample Labels

Custady Seals

Tape

Pen, indelible marker

Commercial conrier shipping forms

» URS shippingfbilling number (for courier forms)
® Telephone numbers

*  Shipping, packing supplies

..

7.0 PROCEDURES

‘The term “chain-of-custody” refers to procedures that ensure that evidence presented in 5 coust of
law is valid. The COC procedures Irack the evidence from the lime and place il is first obtzined 1o
the It final use, as well as providing security for the evidence as it is meved and/or passed from the
eustody of one individual to another.

COC procedures, record keeping, and documentation are an important part of the management
conto] of samples. Regulatory agencies must be able to provide the chain-of-possession and custody
of any samples that are offered for evidence, or that form the hasis of apalytical lest resufts
intvaduced as evidence. Written procedures must be available and followed whenever evidence
samples are collected, transferred, stored, analyzed, or desuroyed.

Custody procedures differ amang laboratories. Custady procedures of the analyzing laboratory are
identified priar to field activities. Field personne! must make ar with the appropri

labarateary for proper sample contziners, preservatives, holding times, and sampling request forms.
Sample custody must be traceable from the time of sample collection until results are reported.
Sample custody procedures provide a mechanism for documenting information related to sample
callection and bandling. A COC form must be completed after sample eollostian and prior to sample
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shipment or release. The COC form, szmple labels, and field documentation must be. crossed
checked 1o verify sample identification, type of analyses, number of containers, sample volerae,
preservatives and type of H Additional infc ion on sample handing and custody
procedures can be found in EPA guidance documents.

7.1 Sample ldentification/Sample Labels

The method of identificaticn of a sample depends on the type of measurement or analysis performed.
When in-situ measurements are made, the data are recorded dicectly In electanic devices (e.g.,
Personal Digital Assistants [PDAs[), bound logbooks or other field data records with identifying
information.

Information which shall be recorded in the field logbaok or other field data records, when in-situ
measarements or samples for labaratory analysis are cellected, includes:

*  Field Sampler(s)

*  Project and Task Number
*  Project Sadiple Niber 77

= Sample location or sampling station number

= Date and time of sample collection andfor measurement
= Ficld observations

* Eguipment used to collect samples and measurements

= Calibration data for equipment used

Measurernents and chservations shall be recorded using indelible ink.

Samgles, other than in-sita measuremnents, are removed and transparted from the sample location toa
laberatory or other lecation for analysis. Before removal, however, a sample is often divided inte
portions, depending upon the analyses 1o be performed. Each portion is preserved in aceordance
with the project document (sampiing plan). Each sample container is identified by a sample lahel.
Sample Jabels are provided, along with sample containers, by the analytical Jaboratory. The
information recorded on the sample label includes:

=  Project Name

« Sample identification - the vnique satnple pumber identifying this sample

= Date - A six=kgit number indicaling the day, month, and year of sample collection (e.g,
12/21/10) -
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+ EL-SB004-SB002-10192009 — The 2nd subsurface sample collected from sample lacation 4 at
the Coke Plaot SWMA o5 Oclober 19, 2009

*  EL-SW004-SWO01-10212009 - A serface water sample collected from sample Jocation No. 4 at.
the first depth at the East Lake SWMA an Octaber 31, 2009

* CP-MWO011-SBOL-12122009 — The first subsurface soil sample collected during installation of
Monitoring Well No. 11 gt the Coke Plant SWMA on December 12, 2009

¢ EL-SR022-3S-10312010 - A surface scil sample collected from sample location No. 22 at the
Eust Lake SWMA on Qetober 31, 2010,

» EL-SBO04-PZ-10312009- A ground sample colected from a pi at sample location

Ne. 4 ot the East Lake SWMA on October 31, 2009

CP-04252009-TBOS - The 5th trip hlank sample associated with samples collected at the Coke

Plant SWMA on April 25, 2009

*  WE-09252010-EB22 - The 22" equipmern hiank sample associaed with samples collected at the
‘West End SWMA on September 25, 2010

= CP-5BU8-55-10022009-FD - A field duplicate samgple of a sarface sample eollected from
sample location 8 at the Coke Plant SWMA on Ociober 2, 2009

*  CP-SB0S-5S-10022009-M8/MSD —The QC sample for MS/MSD analysis of a surface sample
collected from the sample locaticn § at the Coke Plant SWMA on October 2, 2009,

7.2 Chain-of-Custody Procedures

Afier collection, separation, identification, and preservation, the sample is naintained under chain-
of-custady precedures until it 35 in the enstody of the analytical laboratory and has been stored or
disposed.

7.2.1 Ficld Custody Procedures

Samples must be collected as described in the site sampling plan. Care must be taken to record
precisely the sample identification and to ensure that the sample ID on the label matches the COC
exacily.

The sampling team undertaking the acual sampliog in the field is responsible for the care and
castody of the samples eoliectzd until they are properly transferred or dispatched. When photographs
are tzken of the sampling as part of the Jocumentation procedure, they will be entered into a Photo
Daocument Lag with description of the photo; photographs will be stored in the project files. Ttis
good practice to identify sample locations in photegraphs by including an easily read sign with the
appropriate semple/location number.
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= Time - A four-digit nurnber indicating the 24-hour time of collection {for example: 0954 is 9:54
a.n_, and 1629 is 4:29 p.m.)

+  Medium - Waler, soil, sediment, sfudge, waste, ete, if requiced.

+  Sample Type - Grab or camposite.

+  Preservation - Type and quantity of preservation adkled.

= Analysis ~ volariles, semi-volatiles, pesticides, metals, cyanide, etc.

*  Sampled By - printed initials of the sampler.

Generally, the subcontract lahoratory will provide pre-pricted labels for projects if requested. The
Izboratory should leave the fields for date, time, and sampled by empry. These fields will be
carapleted by sampling personnel at the fime of sample collection.

The sample identification {ID} consists of the following parts (USS, 2008):

SWMA-Boring Location-Boring Depth-Date-Field QC {as needed)
SWMA -The first identifier of the sample name are two leners designating the Solid Waste
Management Area (SWMA). Samples from the East End will be identified as “EE.” S2mples from
East Lake will be identified as “£L, " ate.

Boring Location — The second identifier of 1he sample name is a five-part sample source code.
Examples include “SB™ (Soil Boring) followed by the location nurmber. Samples from soil bordng 10
will be identified as "SBOIC.”

Boring Depth - The third identifier of the sample name is 8 two character and three-digit sample
depth code. Examples include surface soil (§5), subsurface scil (SB), surface water (W), sediment
{SD), etc. Samples from surface water location 8 will be identified as "SWI0S. " (Note: Samples of
surface soil do not require the three digit depth code. See examples below.)

Date — The fourth identifier of the sample name is an eight-digit number representing the sample
collestion date. For example, a sample collected on July 2, 2009 would have the code 07022009,

Field QC —The fifth idenzifier of the sample name is an optional code used only when QC samples
are submitted to the laboratory. Examples include trip blank (TB), field duplicate (FD}, miatrix spike
(MS), matrix spike duplicate (MSD}, equipment blank (EB), and souree water blank (SC). For TB
and EB QU samples, 1he two letter code will be followed by a sequential oursber (e.z., TB05).

Below are same examples of possible sample IDs:
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Sample labels shall be completed for each sample as described in Section 7.1, using indelible ink
unless prohibited by weather conditicns.

Samples may require short term storage in field locations prior to defivery (o the labovatory far
sanalyses. The storage may be in vehieles oc lodgisg locations. The samples must be secured to limit
access tothem. A Iocked vehicle is considered controlled aceess, However, simply a lacked lodging
room is not secure due to potentia! costodial access. Tf an unattended lodging room is used for
sample storage, the samples must be farther secured using a custody seal (Aftachment 2).

7.22 Transfer of Costedy and Shipment

A COC must be completed and accompany all samples for subconteact laboratory analysis. When
transferring the possession of samples, the individual(s) relinquishing and receiving will sign, date,
and note the time on the COC. This COC decuments sampie custady transfer from the sampler, often
through another person, to the analyst in the laboratery. The COC is filled out as given below.

¢ Enter header information (project number, samplecs, project manager, office address and
phone number, and project name if not completed by the subcontract laboratory).

* FEanter sample specific information {sample number, medis, sample analysis required and
analytical method, grab or composite, number and 1ype of sample containers, and dateftime
sample was collected).

= Sign, date, and eater the Lime uader "Relinquished by” eniy.

= Have the personreceiving the sammple sign the "Received by” entry. If shipping samplesbya
common carrier, print the carrier 1o be used In this space (i.¢., Federal Express). If a carder is
used, enter the aithill number under "Remarks,” in the botom right corner, only if using
shipping papers in hard copy.

*  Place the original (top, signed copy} of the COC in a plastic zipper-type bag or other
appropriate sample shipping package. Relain the copy with field recards.

*  Signand date the custody sezl, 2 1- by 3-inch white paper Jabel with black lenering and an
adhesive bucking {(Attachment 2). The custady seal is an integral pan of the COC process
and is used to prevent tampering with semples after they have been collected in the field.

Custody seals shall be provided by the anelytical laboratory. Place the seal atross the
shipping container opening so that it would be broken If the container was 1o be opened.,

*  Complete other cander-required shipping papers. H
|
Other important information related to COC documentation includes:

+  The custody recard i completed ustng indelible ink. Any comections are matle by drawinga
line through and initialing and dating the change, then entering the correct information.
Erasures are nol permitted.
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* Common carrders will not accept respunsibility for handling the CQC; therefore, they shanld
oot be asked 10 sign it. This necessilates packing the record in the shipping container
(enclosed with other documentation in 2 plastic Zipper-type bag). As long as custody forms
are sealed inside the shipping container and the custody seals are intact, commercial carders
are not required 1o sign the enstedy form.

Shipment of samples to an analytical laboratory is usually required upon completion of sample
callection. Proper packaging is necessary in onder to protect the sampie containers, 1o maistain the
samples ata temperature of 6°C or less, and to comply with afl applicable transportation regalati
Samples must he packaged ro prevent breakage and leakage of any melied jee from the shipping
canlainer.

In general, samples ot shipped using packaging thar is supplied by the analytical laberatory. The
packaging normally includes a shippable insulaled box such as an ice coolerand comains protective
internal packaging marerials such as foam sleeves or bubble wrap. Some laboratories use proprietary
sample packsging wilh integral intecnal packaging. In either case, provisions need to be made for
maintaining the temperature of the samples either with the wse of ice packs orice.

Care should be taken to ensurs ihat the sample borles are adequately protected from breakage during
shipments. Samples should be secured tightly with bubble wrap or other suitzble packing media and
covered wilh plastic bags. Jee shauld be added to the shipping container only after the samples have
been secured with packing media. Ice should never be used 10 provide sepamtion batween sumple
bottles. Always pul the COC in a zipper-type bag and tape 1o the inside cover of the cooler. Once
packed, the cooler shouid be secured shut by wrapping fiber reinforced (strapping) tape completely
around the cooler.

Custady seals shall be placzd on the antside of the ¢ooler, and clear tape should be wrapped around
the coaler o cover each seal without obliteraring signarres or other significant data. The shipping
label shall be secured to the outside of the shipping container and, if it is attached to the top of a
cooler by adhesive, clear tape shall be used to secure it to the packaging. A valid returs address must
appear on the shipping label in the event the shipper is unable 1o deliver to the designated address.

Other shipping requirements to be aware of include the following:

» Samples preserved at 6°C using ice packs or ice shall be shipped viz overaighi delivery. ¥
samples are sent on Friday, Satunlay delivery will be requested and artangements must be
made with the laboratory to receive the shipment. Chemically preserved samples may be
delivered to the laboratory using ground transpartation.

* The laboratory represenralive who accepts the incoming sample shipment signs and dotes the
COC, completing the sample transfer process, t is then the laboratory's responsibility to
maintain internal iogbooks and custady records throughout sample preparation and analysts.

Page 11 0f 12
S0P Fi02

ATTACHMENT 1: CHAIN-OF-CUSTODY EXAMPLE
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* Reguiations must be observed regarding the shi of any "D Goods.” Sample
cantainers and certain field equipment may be defined a5 “Dangerous Goods™ sach that
special requirements must be followed for their shipment. Air shipment of “Dangerous
Goeds" js regulated by the International Air Transpert Association (IATA) as deseribed in
"Dangeccus Goods Regulations”. Shipment by ground is regulated by the ULS, Department of
Teanspontation (DOT). Furtheraiore, individual shippers (e.g., Federal Express) may have
additional reguirements for “Dangerous Goods” shipment. The shipment of “Dasgerous
Goods™ must be cansistent with the instruction and authorization of the analytical laboratory
shipping and recetving coordinator and its Health and Safety director.

Note: If yoti are wfamiliar with proper shipping requirements for your samples, it is your
responsibility to seek review and understand URS Safery Management Standard (SM5) 048 or seak
advice from the project manager, or your office H&S office. Additionally, you may call the URS
shipping hotline for hazardons materialsidangereus goads to providz answers 1o specific shipping
questions. The niimber is 800-381-0864.

80 QUALITY ASSURANCE
The COC must be made into an electronic file and placed on the network.

Sampling personnel should periodically check compleion of the COC by other field pesonnel, prior
10 enclosing the COC in the cooler. The check would verify the field IDs against the IDs on the
COC. Subsequently, ence received at the laboratory, the Iaboratory should provide receipt
ackoowledgment form so field personnel car verify acourate log-in by the subcontract laboratory.
Where differences are found, the field personnel should notify the laborstory of the errer, and the
|abaratory should decnment the change in the log-in narrative or the case narrative summary of the
laboratory repart.

5.0 HEALTH AND SAFETY
Not applicable.
10.0 REFERENCES

URS, 2008, URS Corporation, Safety M Standard for Hazard
Goods Shipping. Revision 4. February 2009,

USEPA, 2002. United Stures Environmental Protection Agency. Guidanee for Quality Assurance
Project Plans. EFA QA/R-5. EPA/240/R-02/009. USEPA Office of Environmental Information,
‘Washington, D.C. December 2002,

USS. 2008. Fachlity-Wide RFI Workplan, Quality Assurance Project Plan (“Program QAPP") for
U. 8. Steel (USS), Gary Works, Gary, Indiana. May 2008.
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ATTACHMENT 2: FIELD CUSTQDY SEAL













TFIELD EQUIPMENT OPERATION AND Page 1of4

MAINTENANCE PROCEDARES - SOP Number: F303

FIELD LOGBOOK Effective Date: Octaber 2009
Table of Contents

10 Purpose

26 Seupe

3¢  Definitions
4.6 Responsibilities
50 Procedures
51 Cover
52  Daily Emries
53  Phetographs
6.0 Quakty Assuraace Records
7.0 References

Page dof 4
SOP F303

5.1 Cover
The inside cover or (ille page of each ficld lagbook shali contain the following information;

Pmject Number

Project name and location

Namg of Fisld Team Leader

Baker's address and telephone number

Start date

If severa! logbooks are required, a sequentiz! Ficld Eogbook number

R

Tiis goad practice 1o list important phone numbers and points of conact here.
52 Dailv Entrics

Dally entries iute the loghook may conliin a variety of information. At the beginning of each
day the following information musl be Rearded by each team member.

Date

Stait thne

‘Weather

All field personned present

All visitors present

Other pertinent informatien (i.c., planned adtivilies, schedule changes, expecied
visitors, and equipment changes)

Duzing the day, an ongoing record of all sfte activities should be writlen in the logbook. The
master loghook kept by the field team leader need not duplicate 14l recorded in other Field
Logbooks, but should sumimarize the information in other backs and, whe:e appropriate,
reference the page numbers of other logbeoks where deiifed i m p ta
subject may be found.

Some specific information which must be recorded in the logbook includes the following:

. quip nsed, numbers, calit ficld servicing

. Field measurements

. Sample numbers, media, bolile size, preservalives, colicction methads, and ime

= Test boring and monilering well construction information, including boringfwell
number and location

- Sketches for each sample location including appropriae measarements if requived

+  Photograph log

+  Dmumlog

Cther pertinent information

All entries should be mads in indelible iik; ail pages numbered consecutively, and all pages
must be signed or initialed and dated by ihe msponsible [eld persomnel completing the log. No
erasures are permilled. If an incorrert eniry is made, the entry shall be crossed out with a single
line, initialed, and dated
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1.0 PURPOSE

This SOP describes the pmeess for mainlaining a Field Logbook.

2.03COPE

The Field Logbook is a document \\-hich rccnrds '|ll awjor on-sile activities conducted during a fisld

i igation. Al a mini the shatl be recarded in the Field Loghook
by each member of the Held crew,

Arrivabidepanture of site workers and visitors

Amival/deparure of equipment

Sample pickup (sample numbers, carder, tme)

Sampling activides

Siazt or completion of bareholes, monttoring wells, or sampling activities
Heatth and safety issues

The Field Logbool is indtiated upon arrival at the site for the start of the first en-site activily.
Entries are made every dav that on-site aclivities take place. At Jeast one field logbook shall be
mainmained per sile,

The Field Logbook becomes part of the permanest sile file, Becase information contained in the
Ficld Loghtok may be admitted as eviderce in legal proceedings, it is exitical that (his documnen is
propedy mointained.

3.4 DEFINITIONS

Figld Lophook - The Field Logbook is a bound notehask with consecutively aumbered pages. Upon
entry of data, the logbaok requires the signature of the responsitle dalafinformation recorder.

4.t RESPONSIBILITIES

The Field Team Leader is responsible for maintaining 4 master ficid logbook for the duration of on-
site activities. Ench member of the sampling crew is responsible for maintaining a complets and
actanite recerd of site activities for the duration of the crew members participation in the project.

5,0 PROCEDURES

The following sections present some of the informaiion that must be recorded in the Figld Logbook.
In general, a recard of all events and activities, £s well as other patentially bnportant information
shall be recorded by each member of the feld team.
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5.3 Photagraphs

If phetographs arc permitted at the site, the recont shafl be mpiniained in the Field Logbook,
‘Whea moviss, slides or photographs are taken of any site location, they are mumhered or cross-
referenced 1o cormespond o loghaok entries. The name of the plmogmpher, dale, time, site
Igcation, site description, dirclien of view and weather conditions are entered in the loghaok as
the photographs are taken Special lenses, film, or omcr image- enhancement 1e:hmquas also
Tnrust be moted in the Field Leghook. Once pi shall be serfally bered and
labeled corresponding to the Field Lugbuak er;tnes

64 QUALITY ASSURANCE RECORDS

Omce on-site activities have been completed, the Field Logbook shall be constdered a qualicy
assennce reod.

14 REFERENCES
HNone.
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QUALITY CONTROL SAMPLES Effective Date: October 2009
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Table 1: Sample Container, Storage and Preservation Guidelines
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Equipment Rinsate Blanls - Equj rinsate blanks ples of ASTM Type Tl water (provided

by the laboratory) or distilled water passed ove: x pling equip They are used
as a measure of the effectivensss of the decontamination procedure. The equipment fnsare blank is
anzlyzed for the same parameters as the environmental samples collected from the picce of
equipment.

Field Blanks - Field blanks are samples of somrce water used for decontamination znd steam
cleaning. At aminimum there Is one sample collected for each source of water used per sampling,
evenl. The fizld blank is analyzed for all the parameters tested during the sampling event.

Performance Evalustion Sample ~ PE samples are prepared by an independent manufacturer that are
submitted blind ta a Iabomtory to assess the accuracy and precision of their measurenients.

- Precision is 2 measure of the closeness of agreement amoeng individual measurements.
s determined by ealoulating the relative standard deviation or the coefficient of variation
for ot least eight (8) matrix-spike samples.

MS/MSD —~ MS/MSD samples are nsed by the laboratory (but coltected in the field) to Relp
determine bath precision and accuracy of analysis. Additional volume of sample is required when
requesting that a laboratory perform MS/MSD analyses.

TripBlank - Trip blanks are 40-m! valatile crganic analysis (VOA} vials of ASTM Type Tl water that
are filled at the laboratory, transported (o the saropling site, and returned to the laboratory with
eovimnmental VOA water samples. Trip blanks are not opened in the field.

40  RESPONSIBILITIES
Project Manager - Itis the thility of the Project Manager to ensure that project-specific plans

are in rd. with these p J: Doo jon should be d ped for areas where
projeet plans deviate from these procedures.

Field Team Leader - It is the responsibility of the Field Team Leader te ensire that ihese procedures
are implemented in the field. The Field Team Leader is responsible for ensuring the field personnel

ing decor ination activities, snd p conducting the activides have been briefed and
trained to execnte these procedures.

Sampling Personpel - It is the responsibility of field sampling personnel to follow these procedures,
or to follow documented, project-specific procedures as drected by the Field Team Leader.
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NOTE: SITE-SPECIFIC CONDITIONS MAY WARRANT CHANGES IN PROCEDNRES
AND APPLICATIONS, FIELD STAFF SHALE DOCUMENT ACTUAL PROCEDURES IN
THE APPROPRIATE FTELD LOGBOOIC.

18 PURPOSE

The SOP describes Ihe type and guantity of quality contro! (QC) samples o be collected for most
field sampling operations. The goal of including QC samples with any sampling or analytical event is
to be able 1o identify, measure, and control the sourees of ervor that may be Introduced from the time
of sample-container preparation lhrcugh sample analysis. Quality assurance {(QA) samples are used
as an assessmient ool to determine if environmental data meet the quality criteria established for 2
specific application. QC samples ace generally used to establish intra- laboratory or analyst-specific :
precision and biss of 1o assess (he performance of all or a portion of the measnurement system.
Several types of samples may be used for establishing QA/QC. Any one sample may serve to
establish QA, QC, or both.

2.t SCOPE

QC samples are those samples fusaally collected in the feld) hat are sent to the laboratory slong
with the environmental sarmples in order to evaluate site conditions and laboratory precision and
accuracy. Evaluation of the results from the QC samples allows for the quelity of the data to be
assessed. There are five different types of QC samples: top blanks, equipment riasate blanks, field
blanks, duplicates and mateix spike/matrix spike duplicate (MS/MSD) samples. The fitst three types
of QC samples are nsed to ssess field conditions dining sampling ant/or trauspert of the
environmental samples. The latter two bypes of QC samples are used by the leboratory to belp assess
precision and accuracy.  (The laboratory aiso bas other internal samples and procedures to assess
precision and accuracy.)

30  DEFINITIONS

Accnmey - Aceursey is defined as the closeness or agreement between an observed value and an
accepled reference value.

Biag - Biag is defined as the deviation of 2 measured valee from a reference vatue or a known spiked
amouat, and is determined by caleulating percent recovery.

Duplicates - Duplicates are collecled to help assess laboratory reproducibility (precision). Sold
matrix samples are homegenized before being split, except for VOAs, which are not homogenized
becense of potential volatile loss. Liquid matix samples are collected simultanecnsty. The same
analyses are complsted on the duplicaie as on the envimsmental sample.
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50  INTERFERENCE AND POTENTIAL FROBLEMS

QA/QC samples are collected and enalyzed in addition to environmental samples to assist in
identifying the origin of both field and laboratory contamination. In order 1o provide useful
information, GA/GC samples must be taken, prepared and analyzed in the same manner as the
environmental samples. Failure to do so may result in invalid QA/QC interpretations.

60 EQUIPMENT AND SUPPLIES

The site specific equipment/apparats required to collect QA/QC samples is the same as the
equipment/apparatus required Lo collect the environmental samples. Refer to the relevant SOPs for
sampling techniques o obtain lists of the equip ppacarus required for sampling. The amount of
sample to be collecled, the proper sample: § hemical preservation and i J
are shiown in Table 1 {Samgple Storage and Preservation).

70 PROCEDURES

The procedures for QC sample collection and the frequency at which each type of sample should be
collected is deseribed below.

71 Trip Blanks

Trip blanks (one pair of 40 ml vials or one 40 ml vial} are sent to he labaratary in eack cooler which
contains water samples for volatile organic analyses. The trip blanks are prepared by the lboratory
and shipped to the site with the sumple containers. The trip blank should also be kept in the field,
with the volatile samples, during the period of sample collection. I maltiple tip blanks ore nsed
throughont a sampling event they should be kepl in 2 separate cool away from other sample
coptainers watil they are used. New trip blanks need to be request for each sampling event from the
Isbormary. Trip blanks from previous sampling event need to be praperly disposed. Analyses of the
trip blank will determine if the sample containers were contaniinated prior to sampling or duting
transport.

72  Eguipment Rinsate Blanks

Equipment rinswes blanks are collected by powring chemical-free water (pravided by the laboratory)
or distifled water over decontaminated sampling eguipment and collecting the rinsate. These are
collected usually a1 a frequency of once per week per sampling erew and are sualyzed for the same
parameters o5 are the samples collected from that equipment. If two (or more) differeat types of
aquipment are used 1o collect samples in the same day (say by two field leams, ane coltecting soil
saimiples frem splil spoons and une callecting samples from direet-push drilling), then two separate
equipment rinsate blank samples may be collected. Itis also possible that multiple crews are nsing
the same type of eqnipment hut each erew has their own piece of equipment (i.e., two crews using



Page 5 of 12
S0P Fand

two submersible sizinless sieel pumps), Uierefore each crew would need io collect an equipment
vinsate blank at 2 frequency typically specified in the project site’s SAP and QAPP. The equipment
Tinsate blank results may be used 16 qualify data that is impacted by improper cleaning of equipment.

73 Ficd Blanks

One field blank per source of water used for & [nation per sampling event is d forall
the paramelers analyzed during that sampling event. In general, two field blanks are collected - one
from the potable water source used for steam cleaning and one from disiilled waler used for
equipment decentaminalion (i.2., porchased at a local store or provided by the leborutary). The field
Hlank is collected by cpening up the water source at the sampling locations and pouring the water
direetly intc the appropriate saraple bottles. Analysis of the sample will indicate whether
contamination was introduced into the samples during the colltection pracess. A new field blank
shall be collected If the water source changes, or at minimum ance per quacter,

74 Field Doplicates — Aqueous and Selids

Field duplicates are field samples oblained fram one location, Solids are homogenized with thorough
hand mixing and divided into separate containers. They are treated a3 sepavate samples theoughout
the remaining sample handling and analytical processes. Aqueous sampies are collected in various
manoers but usuatly the YOA sample is collected first along with the filed duplicate VOA sample,
then the Semi-Volatiles are collected along with the field duplicate Semi-Volatile samples {if
applicable}, then the metals sample is collecied aloag with the field duplicate metals sample {if
applicable), then any remaining samples are collected along with the field duplicate being analyzed
for the semple parameter. This process is continued uniil all samples are collected.

Field duplicate samples are wsed to assess tolal error (precision) associated with sample
heterogeneity, sample methodology, and analytical procedures. This procedure s usefal in
determining total {sampling and analytical) error because it evaluates sample coilection, sample

ion, and analytical proced Field replicates may be especially important when
determining precision for critical samples with conlamination concentrations near or above the
action level {action level refers 1o the minimam concentration pecessary to require some type of
remediation, monitoring, or enforcerment). A minimum of eight replicare samples are required in
arder for valid statistical analysis 1o be performed. Field replicates may be colleated on a site specific
basis and do not have 1o be collected at all sites investigated.

Field duplicates are rypically collected ar a frequency of 10 percent {oae duplicate or per 1
samples), or at a minimom one per day per crew. Field duplicates are primarily used te check the
precision and censistency of the sampling procedures used and as a check of laberatory accuracy.
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7.8 Sample Collection Records — Aqueous and Solids

Records of collection of QC samples are Xept in the field logbooks and on the Chain-of-Costody
forms. Evaluadon of the vesulis from the QC samples is performed by the Iaboratory and through
data validation for the M&/MSD samples. Resulis of the other QC samples are compared to
analytical results from the sampling event to deteroine if any field procedures, or sample
transportation apd handling mey have adversely affected the concenmations found in the
environmental samples.

80 QUALITY ASSURANCE RECORDS

quip blanks will be coll ] from water source for steam-cleaning eguipment ss quality
assurance records. The frequency of cotfection of equipment blanks from either drilling tools or field
sampling equipment shall be specified in the SAP and QAPP for a given praject. Documentaticn in
the drillers’ logbook shall serve a5 a QA record of decomamination. The drillers will overses
decontamination procedures 1o ensure that they have been completed aceording to the procedures
outlined above.

%0 HEALTH AND SAFETY

All site-gpecific safery procedures should be followed when collecting samples. Chemical
preservatives should be noted on Daily Job Safety Analysis sheets as well.

Sumpling persomel should be aware of chemical preservatives that are present in sample containers
for agueous analyses.

10.0 REFERENCES

USEFA, 1986. Engineering Support Branch Standard Operating Procedures and Quality Assurance
Manual, USEPA Region IV, Aprl 1, 1986,

Hazardons Waste Remedial Actions Pragram, 1950, Requirements for Quality Control of Analytical
Data. DOEHWP-G5R ], US Department of Energy, Gak Ridge, Tennessez,
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7.5  Matrix Spike/Matrix Spike Duplicates — Aqueons and Solfids

MSAMSDs are environmental samples that are spiked in the lahoratory or in the field with aknown
concentration of a target analyte(s) to verify percent recoveries. MS/MSD samples are primarily used
1o check sample mateix interferences. They can alsa be used 1o monitor laberatory performance.
However, a data set of at least three or more results is necessary to statistically distinguish between
laboratary performance and matrix interference. The minimum frequency of MS/MSDs should be 3
pereent of the total pumber of samples being analyzed for the target chemicals. MS/MSD samples
are alse used to evaluate error due to laboratory bias and precision. One MS/MSD pair per target
analyte should be analyzed and the average percent recovery should be calculated to assess bias.

MS/MSD samples are collected in the same manner as for a duplicate sample, except that additional
volurae is required for analysis. The frequency of collection is one MS/MSD pair (or rwo additional
samnple volumes) for cach 10 envivonmental sanaples callected of similar mattix or per each project
site’s SAP and QAPF (e.g. groundwater, surface water, soil).

7.6  Performance Evaluation Sampies

Performance-evalustion (PR samples evaluate the overall bias of the anatytical iaboratory and detecr
any error in the apalytical method used. These samples are usually prepared by a third party (e.g.,
Environmental Resources, Inc., Arveda, Colorado), which is known to the preparer but unknown to
the contract laboratory. The chemical used to prepare the PE sample is the same a3 the chemicals of
concern_ Laboratory procedural error is evaluated by the percentage of chemical identified (percent
recovery) in the PE sample. When analyzed, the minimum frequency of PE samples is one per
chemical of interest. The vse of PE samples will be determined on 2 case-by-case basis.

7.7 Background Samples

Background samples are colleted from area(s), either onsite or offsite where there is little or no
chance of contamination. Background samples are collected ia an strempt to determine the natural
compesition of the soil {especiolly important in areas with high concentrations of naturally cecoering
metais) and are considered "clean” samples. They provide a basis for comparison of contaminang
concentiration levels with samples collected cnsite. At least one backgrousd seil sample should be
collected. More are wirranted when site specific factors such as natural variability of local seil,
nmltple onsite contaminant source areas, or off-site faciliies potentially contriibuting to soil
contamination exist. Backpround samples may be collecled in exder to evaluate potential emor
associated with sampling design, sampling methedology, and analytical procedures, Backgronnd
samples may be used to deterrine bias and precision if at least eight replicates are spiked with the
hemical of interest st a ion equal te the action level, and then analyzed.
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TABLE 1: Sample Container, Storage, and Preservation Guidelines

Analytical Matrix Cantainer Preservation Holding Time ™
Parameter
VOCs N 340 L giass vials with Cool, <6°C 14 days with pHEZ
(82608} G0EOE | Teflon®-lined seprom caps 1:1 MOl 1o pH £ 2%
Lab preseyved — 3 EnCore™ Soil/SedimentWaste - 14 days.
samplers ™ or Teeracore ™ Cold preservation: 3 grams
Syringe with 3, d0-rmL. pre- of sample lo be fozenin 5 g gmum holding
Salid™ [ weighed glass jars valh Teflon®- | ML of watee within 48 Gime for
Tined septm and stft bars o 1-4- | bours of collection presarvation of
oz glass jar with Tefloa @-Hined Encore Sampler i
septum 48 hours
svocs 2-1 Titor amber glass with Caol, =6°C Extraction, 7 days:
[cxenia b Tefion®-lined Iid for each Analysis, within
Agueaus
U paramerer. 40 days of i st
of extraciicn
1-16 oz wide mouth gloss with | Cool. <67C Exmaction, 14
Teflon®-lined b for all days; Avalysls,
SoFiz | pacameters or 4 oz. glass wide within 40 days of
motcth with TeRon@-fined 1id fur the start of
oHe parameter exwaction
PAlls by GC and 2-1 liter amber plass with Coal, <6°C ‘Extruction: 7 days,
HPLC (5310} ‘Teflan®-lined lid for cach Anatysis, 40 days
Agueons
OO parametr, of the start of the
exraction
1-16 oz, wide mouth glass with Crol. <6°C Extrzetion, 14
Tefton®-lined lid for all days; Anafysis, 40
Solid parmelers 0r 4 07 glass wide days of the start of
mouth with Teflon@-Tined fid far the extraction
olie parsmeler
Drgano 2.1 iter amber plass with Caol, <6°C ‘Extraction: 7 days.
phosphorus Teflon@-lined kid for cach Amatysis, 40 days
Agueous
Pesticides g parmeter. of the start of the
81414 ™ exraction
1-£6 0z, wide mouih glass with | Cosl, <67C Extraction, 14
Teflon@-Ened Iid For all st 35
Solid paramelers or 4 07, glass wite . days of Lh? slart of
mouth with Teflon®-lined Iid for the extraction
ot paraeter
2.1 lirer ambeor glass with Cool, 26°C Extraclion; 7 days.
Teflont®-liacd lid for cach Analysiz, 40 doys
| AU emeter. of the sre of the
i exiraction
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Anatytical Matrix Container Prosecvalion Holding Time: %
Parameter
1-16 0z, wide mouth plass with | Cool, <6°C Extmetion, 14
Teflon@-Fioes T for all days; Analysis, 40
Solid paraictens or 4 oz, glass wide days of the start of
mouth with Teftan®@-fined Jid for the crtractian
ane patamoter
Oxgano-chlarine 3-1 fiter amber glass with Cool, S6°C Extraction; 7 days,
Pesticides weous | TefoaBHlined Ld Analysis, 40 days
(80814) ™ A of the start of the
extmciion
4 o2, glass wide mouth witt Coal, 6°C Extractior, 14
Solg | TeAoaB-lined lid days: Avalysis, 40
. days of the stert of
the exwaction
PCBs [R082) ® 2.1 Titer amber plass with Coal, <6°C Eataction: 7 days,
Teflon@-tined lid Anolysis, 40 days
Aqueous o the sran of e
) extraction
407 glass wide mowth with Conl, 26°C ‘Eamaction, 14
sonig | Tefon®@-lined tid days; Analysis, 40
days of the start of
the extraction
Dioxins ! Furns 2-£ liter amber glass with | Caal, <6°C: Store in dark; | Eawact within 30
(LRMS) 802y |, | Taflon®lined lid If sample pH >9, adjussta | days; Analyze
{scresning & H 7-D with Hy80. within 45 days of
method) cxtraction
4 oz. plass wide mouth with Caat, <A°C Extract within 30
" Teflon®-ued id days; Amlyze
Solid within 45 days of
extraction
Maals A 1 Titer glass or polyethylene HMOjwpH<2 6 months (metals);,
(60108, F000A 9ueeUS | container 28 days (mercury)
;:ﬂfn‘) 4oz pglass wide mouth wilh Caal, 6°C & moaths (metls)
oy Tefon®-Tned [id
—— efon®-Fined Ji 28 days (meccury)
4104 - Salid
Aqueous)
(47EA - gofid/
waste)
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Anslylical Matrix ™ Contalner Preservation Holding Time ™
Parameter
Inorganic Anians 1 Liter plastic contaiper Cadl, 26°C 48 houts - Nitrate,
by lon Eitrite,
Chromatography | Aqueous onhophosphate;
(300.0} 2% days - Chloride,
fuoride, sulfate
Solid | 'na NA NA
Nimie-Nitrize Aqueaus | 1 Liter plastic eontainer H;50, to pil <2 28 dags
(532 Sohd [ A NA A
Percent Maisture Aquecus. | NA Na NA
(D2316.50) -
Solid | 407 Cadl, 26°C T days
pH 1 Liter plastic cantaioer NA “This test could be
(80408 — performed n the
Aquenizd) Aqueaus fiekd; Analyze
(0040C - invnedialy.
solidiwase) solid | Ao Caal, £6°C ‘Analyze as moon a5
ol possibls,
Tol 1 liter glass recammended Caol, S6°C; By 80, to pH < | 28 days
Recoverable Aqueots 4
Phenalics soid | M NA NA
(9065) o
Fhospharus Agueaus | X Liter plastic container HyS0;to pil<2 28 days
(Tauh
(36527 3653) sofia | MA A NA
Sulfide D0 ml. plastic. 1o headspace | Caak, <6°C 7 days
(90308) Add ¢ deops of 2N zine
Aqueaus acetate per 100 mLof
satpiple, adjust the pH 10 >0
with 6N NaOH solution
Soia | oo ETS Aualyze ar snon as
possible
Sulfite (50) 150 mL plastic Mo preservative eaeired | Analyze
e imumediately. This
Aqueous te5t should be
Derforsed in the
field.
Solid | Na NA NA
TDS {Filterable) 250 mL plastic or gloss Caok <6°C 7 days
Adqueous
treay
Scid | ~a NA NA
TN Aqueous |} LieT losti sontainer Cool 56°C: HuS0u o pH < 28 doys
(351.3) 2
Sofid__ | NA NA NA
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Annlytieal Matriz Container Preservation Holding Time ™
Parameler
Cyanids 258 mL plestic NaOH 16 pH »13; If 14 days
1 residua) ehlorine present
f:i;;):: o | AT By s
=%°C
o | SOt abquot sall bo wken from. | Mot Specified / Not Spesificd /
elals conlainer Cool, <6°C 14 days
Petroleut liter plass ‘ool, <6°C; HO) ot 13
Hyd“:;:z:r“bons Aqueons | FHer8h lCopl'i G o,
HEMSGT Soid | 0% plesn wide mouth with Cool, 6°C
(1684) Teflon-lned lid
Acidiny (305137 | Amucovs | 250wl plastic or gless Cool, <6°C
;\;1;;1:’3«)3' OO g | NA naA
“Ammonia Aquous | 4 L Bl ontalecz Cacl, <6°C
(3503 RSOyt pH <2
Solid NA NA NA
Ash = Ash, Pereent Moisaure, 1S, | Caal, <6°C 7 days
. TS, Turbidity, VS5, and
DI85 Ao | e etk il besombioed
i ) Liter plastic contuiger
NA NA NA
Solid
BOD 2od Aguecus | | Liter plastic contsier Coul, 56°C A3 by
Cachonaceons A NA [Ty
BOD Solid
“05.53
cop A 1 Lites plasfic cantoiner Cool, =6°C 28 days
(4100 uscss B850, 10 pH <2
Solid | NA NA N&
Chromium Agueous | 250 ml plestic container Cool 56°C 24 hows
©r 2 oz glass NA 30 days Lo
{7196A) . digestion,
Salid 96 hours afrer
digestion
Conductvity Agqueons | 1 Liter plistie contaiger NA Ficld Analysis
(901504) Soid__ | Na HA NA
Dissoived 300 ml. glass sioppered BOD NA Field Analysis
Omygenig0n) | AT o i e i
Sold | NA NA NA
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Apalytical Matriz ™ Container Preservation Holding Thne =
Parameter
TOC Aquess | 2 40aLVOA vias Cool, %6°C, H;50, or HC| | 28 days
{8060-Aquecust lo pH <2
Walkley-Bluck- Solid 4 oz glass Conl, °C 28 days
Solids)
TOX Agueaus 250 mL glass, Teffon®-lined Fid, | Coot, 26°C, Hy50: wpk < | 28 days
(9020R) ! 0 headspaez 2
Solid | NA NA Na
Tatsl Solids 1 Liter plagtic container Cool, =6°C 7 days
(360.3) Agueous
88 and 3§
(2602 Sofid | NA NA [N
“Turbidity Aquepus | | Liter plastic contoioer Cool, <6°C 43 hours
(18013 Solid__ | NA 1A, MA
Volatile Aqueaus_| | Liter plastic comsiner Cool. T 7 days
Solids N NA NA Na
(160.4) Solid
Notes:

@ Solid mateix type incndes soit, sadimest, sludpe o1 other sokids not classified as waste.
"' Holding dmes are calonlated from the date of collertion,
' Donbite volume wilt bs coltected for MS/MSD samples o ficld duplicates except for Appendix X VOCs (7
Encore ™ samplers or 40-ml. vials wsed with Terracore ™™ syringe will be callacted for MS/MSD apalyses).
12 0z. Plastic for % xolids (Reguired if no other sofl jars are being submitsed}
1, d-ounce gtoss jar with Teflon@-lined seprum will be wsed for solid samples ot eoltectble by
EnCore™ gampling.
" Genveally, parsmeters will be combined with other kke parametess depending upon Ieborstory

seguircments.

*Some Appendiz 1X VOCs are [ost with the use of 2¢/d preservallon, The wsability of resulis from analyses conducied

on sarples peing acid preservation will be described in the data validation r=ports,
NA=Not Applicable
HEMISGT ~ Hexaee Extractable Mothad/Silicr Gel Trestment
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for a given set of analyses. Organic-free water obtained by sther methods is acreptable, os long
as it meets the above anakytical cxiteria.

Quality Assurance Project Plan - (QAFP) A QAPP is o written decument that outlines the
pracedures a movitodng project will use to ensure that samples, data, and subsequent neports
are of high enough quality to meet project objectives. It provides a description of the policies,
organization, practical activities, and quality control procedures necessary for achieving the
smudy's objectives. Quality control procedures are poals, plans, and guidelines that are spelled
ot Lo insure 3 high level of quality in the coliection and analysis of the dala and the handling of
samples.

Sampling and Analysis Plap - - (SAP). A SAP typically consists of two components: a Fleld
Saopling Flan (FSP) and a Quality Assurance Project Plan (QAPF). The SAP describes how
the study is done, including sampliog technigues and datz analysis procedures; data
interpretation techniques, inecluding statistical analyses; gquality assurance procedures and
guatity cantrol techrigues.

Socap: A standard brand of phosphals-free laboratery detergent, such as Luminox®.

Tap water: Water from any potable water supply. De-ionized waler or organic-free water may
be substituted for tap water.

4.0 RESPONSIBILITIES

Project Manager - T is the responsibility of the Project Manager to ensure that project-sperific
plans are in accordance with these procedures. Doclmentation should be developed for areas
where praject plans deviate from these procedures.

Eield Team Leader - It is the tesponsibility of the Field Team Leader to ensure that these
procedures are implemented in the feld. The Field Team Leader is respansible for ensuring the
field personnel overseeing decontamination activities, and personnel conducting the activities
have been briefed and wrained to execute these procedures,

Drilling Enspector (Site Geologist, Rig Geologist etc.) - Tt is he responsibifity of the drilling
inspector 1o ensure that the driling subcontrmetor follows these, or other projeci-specific
procedures as directed by Lhe Field Team Leader.

Sampline Personnel - It is the responsibility of field sampling personnel to follow these
procedures, or to follow documented, project-specific procedures as direcied by the Field Team
Leader.

0 POTENTIAL PROBLEMS AND INTERERENCES

The use of distilled/deionized water commonly available from commetcial vendors may be
acceplable for decontamination of sampiing equipment provided that it has been verified by
Tahoralory analysis to be analyte-free water. Distilied water available from local grocery slores
and pharmacies is generally not acceptable for Final decontamination rinses. Cor
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NOTE: SITE-SPECIFIC CONDITIONS MAY WARRANT CHANGES IN
PROCEDURES AND APPLICATIONS. FIELD STAFF SHALL DBOCUMENT ACTUAL
FPROCEDURES IN THE APPROPRIATE FIELD LOGBOOK.

1.0 PURPOSE

‘The purpose of this SCF is to provide a general reference ling the proper g i 1
of didlling rigs, and field chemical sampling and analylical equipment. In addition,
decontamination reduces healih hazards and prevents (he spread of contaminants off-site.

240 SCOPE

This procedure adiresses drilling equipment, test pit equipment (i.e. backhoe) and manitoring
well material decontamination and shoold be consulted during the prepacation of project
specific plans. This procedure applizs 1 all field sampling equipment including, but not limited
to, soil samplers {split-spoons), bailers, beakers twwels filwering opparatus, and pumps. This
procedure should be when d d are being developed as part of
project-specific plans. Additionally, current USEPA regmnal procedures and decontamination
puidance #s well a5 stale guidunce should be reviewed. This procedure does not penadn 1o
personnel decontamination {e.g., Tace masks).

3¢ DEFINITICNS

Decontamination - Decontamination is the process of removing or neutralizing conlaminants
which may bave acrumulated on field equipment. This process ensures protection of personnel
from penetrating sub: reduces or elimi mansfer of i to clean areas,
prevents mixing of & putible sut and izes the Bkelihood of sample cross-
conlamination.

De-ionized water - Tap water that has been treated by passing through a standard delonizing
resin column. At a minimum, the finished water should contain no detectable heavy metals or
other inorganic compeunds (i.e., at or above anslytical detection limits), Organic-free water

may be substimted for de-fonized water.

Drilling Equipment - All pawer equipment used 1o collect surface and sub-gurface soil samples
or install wells. Rotary drilling, sonic deilling, and direct push are included in this definition.

Organic-fres water - Tap water that has been treated with activated carbon and de-fonizing
units. At a minimum, the finished water must meet the avalytical criteria of de-ionized water
and it should contasin no detectable pesticides, herbicides, or extractable organic compounds,
and no volatile organic compounds shove minimum detectable levels by the contract Jaboratory
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deicnized water is available from commercial vendors or laboratories and may be shipped
directly to the she.

6.0 EQUIPMENT AND SUPPLIES

“The following are standard materials and equipment used as 2 part of the decontarination
process:

Largefhesvy Equipment (i.e., Drifl rigs, backhoes, augers, drill pipe, bits, casing, and

SCIEEm)
* High-pressure pump with steam-spray unit
* Suff-bristle brushes
+ Small/sampling Equipment (i.e., Split spcons, spatufas, bailers, bowls, and pumps)
+ Soap
*  Palyethylene sheeting
+ Stiff-bristle brushes
+ Wash bottles or manual pump sprayer
+ Solvents, e.g, 10% methanol solution (optional}
= Distilled/deionized water, contaminant-fres
*  Tap water (generaily but non-potable may also be used)
+  Appropriate protective clothing
+  Alr purifying respirator (APR)
+  Field log book
*  Non-phosphate detergent
+  Selected high purity, contaminant-free solvents
+ Long-handled brushes
*  Trash containers
*  Paper towels

Grivanized tubs or equivalen (e.g., baby pools)

Metal/plastic container for storuge and disposal of contaminated wash solutions
Pressurized sprayers

Trash bags

Aluminum foil

Sample containers

70 PRGCEDURES

The variovs drilling equipment and materials invelved with test boring, test pit excavation,
stibsicface soil sampling, and monitoring well construetion must be properly decontaminated to
ensure that chienticat analysis results reflect actual ions present at sampling locations.
These procedures will minimize the potential for cross contamination between sampling
Jocutions and the transfer of comtamination off site, Such equipment includes dolfing rigs,
backhaes, augers, downhale tools, well cosings, and screens. Split-spoon scil samplers and
ather similar soil sampling devices shall be decomaminated. Cleaning procedures are listed in
the following sections.
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7. Trecontamination Ares/Pad - Large Equipment Cleaning

Decontamination pads constructed for field cleaning of sampling and drlling equipment should
meet the fellowing minirmum specifications:

-

The pad should be constructed in an area known or believed 1o be free of surface

contamination.

*  The pad should not leak.

» K possible, the pad should be cousinucted on a level, paved surface and should facilitare
the semoval of wastewater. This may be accomplished by either o ing the pad

with one corner lower than the rest, or by creating a sump or pit in one comer or along
one side. Any sump or pit should also be lined.

Sawhorses or racks constructed 1o hold equipment while being cleaned should be Bigh
enough above ground to prevent equipment from being splashed.

Water should be removed from the decontamination pad frequently.

A temporary pad should be Jned with a water impermeable material with no seams
within the pad. This material should be either easily replaced (disposable) ar repairable.

The drilling contracter will construct a
Decontamination of dilling éduigient
shalftow, abave-surface tank may be used or a pumping system wilh discharge to a waste tank
may be installed. In some cases, steam-cleaning/pressure washing water will be allowed to sozk
back inte the ground.

Pnur o emenng or Jeaving the site, Ixrge ﬂqulpment nat directly utilized for sampling will be

t leaning in & desi 1 area. The decontzmination procedure
congists of stearn-cleaning the equipment, ssing potable water as the steam source, to remove
visible signs of scils or wastes, and allowing the equipment to air dry. If necessary, the
equipment may be clesned with a scrub brush and soapy-water solation prior to steam cleaning
to remove visible signs of contaminatian. Verify that the dnlling contractor sprays areas (rear of
g or backhae) exposed 1o contaminated soils nsing steam or high-pressure sprayer.

Drill rigs and tocls will be cleaned between each location and priar to the initiation of any
sampling. Docament that decontamination was performed in the appropriate fogbook,

At cengin sites, due to the type of contarminants or proximity to residences, concerns may exist
about air emissions from steam cieaning op These can be alleviaed by
utilizing one or more of the following practices:

= locate the steam cleaning area on site to minimize potential Tnpacts. Eoclose stean:-
cleaning operations. Fer example, augers and drilling rods can be steam cleaned in
drums.

« Tarpauling also ¢an be placed arcund the steam cleaning arez to control emisgions.
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7.3 Small Ficld Equipment Decontamination Procedures

Tn order to ensure that chemical analysis results reflect actual concentrations present ab
sampling focations, sampling eguipment must be properly decontaminated prior to lhe field
effort during the sampling progran (i.e., between ling locations} and at the {ngion of
the sampling prograr. This will minimize the potential for cross-contamination between
sampling Jocations and the transfer of contamination off site. Preferably, sampling equipment
should be dedicoted to a given sampling location. lf this is not posszble, etuipment must be
d inated berween ling lgcations, Sampling p 1 must use & ble plaves
and change them between sampling intervals.

Soil and sediment sampling equipment including, but not Hmited to rowels. beakers, dredres,
etz shall be decontaminated using the following procedures:

¢ Clean with tap water and laboratery detergent (pon-phosphorus) using 2 brush i
necessary to remove paniculate matter and surface films. For-badly contaminated
equipment, a hot water delergent wash may be needed prier to the rinse procedure.
Wash the jiem thoroughly in a bucket of Soupy water (tap water). Use a stiff-bristle
brush to dislodge any clinging dirt. Disassemble any fters that might trap conlaminants
internally before washing. Do not reassemble uatil decontarnination is complete.

» Rinse thoroughly with tap water.
= Rinse with 10 percent pitric acid if samples for metal analyses will be collected.
* Rinse thoroughly with distilled-deionized water.

+ Rinse with 10 percent methanol {pesticide-grade) if samples for organic analyses will be
collected.

= Rinse tharoughly with distilled-deionized water.

= Air dry or wap with aleminum foil, if appropriate, to prevent cenlamination if
equipment is going 10 be stored or uansported. After decontamination, equipment
should be handled only by personnel wearing clean gloves fo prevent re-—contamination.
I addition, the equipment should be moved away (preferably upwind) from the
decontamination area to prevest re-contatnination, The area where the equipment is kept
prior to re-Use must be free of contaminants.

» Colleer all siase waters in a dedicated recepticle and dispose accarding to site disposal
procedures.

The following steps will be followed when decomaminating pemps:

*  Pumps should be set-up in the same confignration as for sampliu'F equipment.
¢ Flush the pump with potable water. Submerge pump intake (or pump if submersible)
zndt ull downhole weited parts (tubing, piping, foot valve) in soapy water.

s Pomp 2 minimum of three pump assembly volumes of soapy water through the entin
assembly. Mote: If dedicated wubing is used for monitoring wells, the tbing will not
need to be decontaminated,

area at a desi d frea. nnsme
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» Any portion of the drill og, backhoe, etc, that is over the borehole (kelly bar or mast,
backhoe buckets, drilling platform, heist or chain pulldowns, spindles, cathead, ete.)
shiould be steam cleaned (soap and high pressure hot water} hetween boreholes.

» Eguipment associated with the driiling and sampling activities should be Inspected to
insure that all cils, greases, hydraulic fluids, ete., have been removed, and all seals and
gaskels are iptact with no finid leaks.

Decontarination wastes will be collected and contained unless otherwise directed by onsite
procedures. The eventual dispesition of these wastes will be detenmined on o projecr-specific
basis, but may include on -site treatment andfor transport off site to an appraved
treatment/dispesal facility.

7.2 General Cleaning Procedures

One type of clezning is, “abrasive cleaning.” This method warks by rubbing and wearing away
the top layer of the surface containing the contaminant. The following reviews the available
abrasive methods.

= Mechanicsd - Mechagical methods jnclude using brushes with metal, nylon, or natural
bristles. The amount and type of contaminants removed will vary with the hardness of
bristles, Jenpth of time brushing, and degree of brush contact. Matenial may also be
rEiigved by uging “appropriale” tools to sciafe; piy, ‘oi "otherwise ' remove: adhersd
malterials.
= Air Blasting - Air blasting equipment uses corapressed air to force abmsive material
through a nozzle at high velocities. The distance between nezzle and surface cleaned, i
pressure, and time of air blasting dictale cleaning efficiency. The method's
disadvantages are its inability to control the exact amount of material removed and its
large amount of waste generated.

»  Wet Blastine - Wet blast cleaning involves the use of 2 suspended fine abrasive. The
abrasiveswater mixturs is delivered by compressed air ta the contaminated area.

Improperly bandled cleaning solutions may easily become contaminated. Storage and
application containers must be constructed of the propsr materials 1o ¢nsure their Lntegrity. The
following are acceptable materials used for containing the specified cleaning solutions:

¢ Soap must be kept in clean plastic, metal, or glass containers vntil used. it should be
poured directly from the container during use or 2 squeeze bottle may dispense jt.

+ Tap water may be kept in tanks, hand pressure sprayers, squeeze boitles, or apphed
directly from a hose. |

+ De-onized water must be Stored in elean, glass or plastic containers that can be closed
prior 1o use. It can be applied from plastic squeeze botiles.

= Organic-fres water should be stored in clean glass or Teflon® coutainers prior te use. It
may be applied using Teflon® squeeze bortles or beakers.

Page B of 9
SOP F501

* Replace soapy water with potable water.

= All downhole wetted parts must be immersed in the potable water rinse. Pump a
minimum of three pump assembly volames of clean warer through the entice assembly.

+ Document that decontzmination was performed in the groundwater sampling log boalc

Additionat equipmenl cleaning and honsekeeping procedures are as follaws:

¢ Field analytical equipment which may come in direet contact with the sample or sample
media, ineluding, bt not limited 1o water level meters, water/product level meters, pH
or specific ion probes, specific conductivity probes, thermometers, endfor borehole
geophysical probes must be decontaminated before and after use unless manufacturers
instructions indicate otherwise.

& Probes that contact water samples not sed for laboratory analyses may be rinsed with
distilled water.

e Prohes which make no direct contact (e.g. HNu or OVA probes) will be wiped clean
with clean paper towels or an alcohol-saturated cloth.

» Docament that decontaminartion was performed in the appropriate loghook.

+ Dispasable iterms will be bagged for disposal as general refuse.

8.0 QUALITY ASSURANCE RECORDS

Equipment blanks will be collected from water sonece for steam-cleaning equipment a5 quality
assurance records. The frequency of collzction of equipmant blanks from either deilling tools o
field sampling equipment shall be specified in the SAP and QAPP for & given project
Docunentation in the drillers” logbook shall serve a5 a QA record of decontuminution. Fhe
drillers will oversee decontamination procedures to ensure that they have been completed
accarding to the procedures outlined above.

9.6 HEALTH AND SAFETY RECORDS

Decontamination can pese hazards under certain circumstances even lhough pcrfcmled o
protect health and safety. Hazard b may be i patible with d ]
methods (i.e., the method may react with contaminans to produce heal, explosion, or toxic
praducts). Decontamination methods may be incompatible with clothing or equipment (2.8,
some solvents can permenté and/or degrade protective clothing). Also, a direct health hozard to
workers can be posed from chemical decomamination solutions that may be hazardous if

inhaled or may be ﬂammnblt:a.

The decontamination squii‘ltms must be determined 1o be compatible before vse. Any method
\hal permeates, degrades, or damages persenal protective equipment should not be used. If
decontamination methods do pose a direct health hazard, measures showld be laken to protect
personnel ar modified to eliminate the hazard,
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Al site-specific safety procedures shoald be followed for the cleaning operation, At a
minimum, the follewing precantions shonld be taken:

+ Safety glasses with splash shields or goggles, neoprene gloves, and laboratory apeon
shoold be warn.

*  All soiven: rinsing operations shoutd be conducted under a fume baod or in open air.
» Nocating, smaking. drinking, chewing, of any hand-te-mouth cantact is permitted.

10.0 REFERENCES

NIDEP, 1988. Field Sampling Procedures Manual, New Jersey Depariment of Environmental
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OSHA, 1985. Occupational Safety and Heaith Guidance Manuval for Hazardons Waste Site
Activities, NIGSH/OSHA/USCG/EPA, October 1983, .

USEFPA, 1986, Engineering Support Branch Standard Operating Procedures and Quality
Assurance Manual, TISEPA Region 1V, April 1, 1986.

USEPA, 1987. A Compendium of Superfund Field Operations Methods, EPA 540/p-87/001.
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be disposed a3 non-hazandous special waste or as hazardous, based cn its genemiun (See Section
34). If the wastes ars liquids, compatible with the and dJiscl
approval/NPDES permit modification received from IDEM, they will be transFerred to USS progess
sewer. Othenwise, all liquids will be shipped off-site to a TSD facility.

The hazardoos and non-hazardous waste identifieation and munagement procedures for PPE, solid
and liguid waste are provided in Section 3.0 and Section 4.0. Section 5.0 provides information on
potential disposal opticns for IJW and an addirional waste characterization sampling that may have
1o be performed in order to satisfy offsite disposal facility requirements for both solid and liquid
wasle.

30 MANAGEMENT OF SOLIDS AND PPE GENERATED DURING INVESTIGATION
3.1 Material Generated Within an AQC and/or 3 CAMU

Any solids generated during an investigation within a designated AOC and/or CAMU may be left in-
place regardiess of its identification as hazardons or non-hazardous waste materials. SeeFignres 1,2
and 3.

3.2  Maena Generated Outside of an AQC andfor CAMU

Any selid waste generated oulside of AGC andfor CAMU shall be identified by USS personnel and
shall be managed according 1o the procedures outlined in this section and 2l the applicable
requiremenis of 40 CFR, Parts 261 threngh 268. Pursuant to 40 CFR, Section 261.2, the generator of
any solid waste must determine whether the waste is hazardous or non-hazardous using one of the
fotlowing two methods cuilined in this section.

321 Histodcal Infoamation and Listed Wastes

Historical information associaled with each investigation locition should be assessed before
sampling, ideslly during the preparation of the work plans. Based oa this information, investigation
locations judged to generate solids due to the presence of Heted wastes would be identified 25
hazardons waste. Listed hazardons waskes include non-specific sources (i.e., F wastes), specific
sources (i.e., K-wastes), and/or discarded commercial chemical products (j.e., P and Uwasles). Spill
residues of F, K, P, or 1 wastes, including contaminated soil, water and ather debris meseiting from
the cleanup of the spill are classificd s hazardons wastes if ibey are intended for disposal. All listed
“hazardous wastes will be containerized and disposed at a TSD Facility to meet the requirements of
40 CFR, Part 261 through 268,

3.2.2  Characlerstic Wastes

Htwenpwirk \EWUWRFRRITUW- RIT Werkplon_20Y_SepiEORFSHE BW_Dispoanldor

1.0 INTRODUCTION

Investigation-derived wastes (IDW)} will be generaled during site investipalion activities for the
Coreective Action/Agreed Order at US Steel - Gary Works (USS). The purpose of (his docoment is
o guide the charactegzation and containerization of IDW asrequired by 40 CFR, Subpart A, 262.11-
“Hazardous waste determination” and this plan shall be incorporated in all the futlure remedial
investigation work plans for this site. This regulation requires (hat 2 pecson wha generates a solid
wagleas defined in 40 CFR 2612, must determine whether the waste is a hazardous waste using one
of three methods: 1) by generator knowledge (i.e., reviewing hisiorical informarion about the
location where the waste was genecated; 2) by determiniag whether the wasle is a fsied waste orisa
waste generated in association with a listed waste (40 CFR, 261, Subpart D), or 3) by analyzing the
waste using analytical methods to determine i the waste exhibits characteristics of s hazardous
waste (40 CFR, Subpart C, 261 20). '

2D INVESTIGATION-DERIVED WASTES

Solids, including Personal Prolective Equipment {PPEY, and liguids are expected to accumulate from
the following activities during investigation and are considered TDW:

SOLTDS:

*  Scil cottings from the drilling of subsurface borings

*  Scil cottings from the installation of additiona! menitoring wells

*  Salids vecovered from drums, if any, comaining liquid wastes after the liquids are rermoved
and disposed

& Used Personal Protecticn: Equipment (PPE)

LIQUIDS:
» Groundwater from the development andfor purgmg of monitering wells

+ Water from the decontamination of sampli quip tools, machinery, ete.
»  Warer from the de-watering of test pits or other low-lying areas

‘Wastes classified as hazardons, o any PPE waste generated from contact with listed hazardous
waste, will be shipped to a Treatment, Storage, and Disposal {TSD) Facility, or, if approval is
obtained from USEFA, to an onsite Comrective Action Management Unit (CAMU).

If the materials are satid and are classified as non-h dous or g 3 from i igation within
CAMU or Area of Comtamination {AQC}) (hazardous or nun—h:\wdnus) lhey wdl be lefl jn-place.
Assuch, PPE waste will be placed in an appropriate desi d dru. P and witt
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‘Where no information mdmalcs ahls!ury of either the use of a hazardous waste or the presence of a
listed huzardous waste or historical jon regerding the waste is not available then the
analytical resulis from discrete samples collected at the investigation atza(s), will be assessed (o
deterimine disposal options. Th this case record shall be kept of the source of the IDW sclids placed
in each drum/container from euch source area. The analytical data produced to characierize solids
reported as a fofal measore of the concentration of an analyte will be used for comparison. This total
concenration will be compsred to the Regnlatory Limit from the Toxicity Characteristic Leaching
Procedure (TCLP). I the total concentration is less than 20 times the Regulatory Limit for a solid
(Takle 1), then the solids that are generated from the investigation will be considered non-
hazardous'.

33 Matensl Generated From Investigation Pits andfor Trenches

Excavation material from investigation test pits and/or irenches will be retened or put back into the
excavation zone. If suhsequent analysis confirms the presence of constiients of interest in the
media above applicable risk scazening levels, the requisite corrective measures will be addressed in
ike: final remedly selected for the aren of concern.

3.4 Personal Protective Equipment Waste

Personal Proteclive Eqnnpmenl (PPE) Wﬂl be divposed either as hazardous or non-hazardows waste in
an appropriate d d fdumnpster based on its generation. PPE, which will be
generated from coming mlu contact with listed hazardous waste will be disposed in 2 separate
drum/container/dumpster designated for hazardons waste and shipped to a TSD Facility. However,
PPE generated during the investigation from non-hazardous or characteristic hazardous waste areas
will be placed in a sepanate container and wilt be managed as non-hazardous special waste, Thus,
USS will separate hazardous and non-hazardous PPE for management during any sire investigation
woske

40  MANAGEMENT OF HAZARDOUS OR NON-HAZARDCUS LIGUID WASTE

It is expected that during sampling activities at USS, liquids will be genersted. The liguid is
anticipated to fall into three (3) categories:

§ Sincs TCLF meamuees the concentraon of leschable subslances in a solid waste, the wnits of measvre for the
Regulatory Limits are shawa as mgl. To delerming if the ! concentzatinms in mi/kg in o samplc s foss thas the
Regulatory Limits, a faesor of 20 will he appliedto the sample's analytical result. This Factor {i.., 20} represomts the
amount of saraple {00 rams) 1o higuid (2600 milliiters) used in the TOLT extraction procedure. If this value s less
than 20 times the Regubatary Limits then the waste will pass e TCLE test, The waste can therefore, he disposed ina
landfili without treatment or siahilization. This is known as the MxRule.
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1. Groundwaters from the purging and development of monitoring wells

2. Wastewaters from the decontamination of equipment used in sampling

3. Surface waters or water-in-fill rernoved during de-watering activities
The disposai oplions for liquids include disposal by discharpe into the on-site pro upon an
appropriate modification inta the USS' NPDES permit or shipnsent 1o an offsits TSD Facility. Any
liquids that cannot be discharged into onsite process sewers shali be containerized and disposed
properly as liquid wastes in accordance with procedures described in Sectior 4.2. In such events,
USS shall keeprecond{s) of IDW placed in each drum/container from each source area(s) (Figure 4).

41 Tiquid Wastes - Discharges to the Site Process Sewer

The foflowing steps wiil be employed to determine Lhe feasibility of disposing bquid wastes in an
on-site sewer:

1, Comact the respeetive grougr (both Operations and Environmental Contral} to obtain
clarification on discharge criteria.

2. If required, and based on the discharge criteria, collect additional samples for analysis.

3. Forward copies of historical data or analytical data for preview to determine the
possibility for discharge. - e e P e P et Ve e

4. Modification into USS NPDES Permit.

5. Arrange disposal dates and times.

Schedule pumping from holding 1anks or druzms to selectzd sewer system.

L

42  Liquid Wastes — Below MCLs or Risk Based Levels

if bulk liquids generated during pumping are helow MCLs or site specifie risk based action
levels, then the Hquids will be pumped back into the well.

43 Liquid Wastes — TSD Facilities

In the instances where liquid wastes associated with development and/or purging of specific wells,
dewaltering of test pits, and equipment decontarminarion are restricted from disposal in the on-site
process sewer systemn {e.g., wastewaters containing trace levels of mercury). For these types of liguid
wastes, the wastes may be disposed at an offsite TSD. All applicable procedures for the disposal of
these liguid wastes are found in Section 5.0.

50 IDW DISPOSAL QPTIONS

The dispasal options for the IDW at USS include the following: 1) disposal to 2 TSD for hazardons
wasles; 2) disposal to the on-site process sewer system (liquid wastes oly}; 3} disposal for restricted

JLF| Werkplan_3009_Ser M_IDW_Disposat iloe
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5.5  Additional Analytical Testing
5.5.1 Waste Profiles

For each dmm/container, the apalytical dala associated with the samples collected for
characterization of the site will be evaluated o determine if a the IDW is a hazardous waste. To
evaluate the data, a table will be produced thar summarizes the drur/comainer identification,
associated sample identifications, and analytical resulis, The analytical data shown in the table will
pm§:n1 the average concentration in mg/kg in a series of several individual samples collecled at the
site”,

To determine if the data jdentifies a hazardous waste, it will be compared to the Toxicity
Chamacteristic Leaching Protedures {TCLP) regulatory iimit (40 CFR 261.24), Table 1. The process
1o be used is explained in Section 3.2.2 of this decument,

552 TSD Facility Requirements

Generally, all TSDs require that the generator provide a comprehensive summary of analytical data
collected from the anslysis of the waste, or & list of known charaeteristics of the waste developed
from generatar knawledge. This information is typically summarized on 2 TSD's Waste Profile form.
and is a reguirement of the Facility's RCRA Part B or interim status permit. Profiles itemize the
analytical information about a waste siream and provide the TSD with enough information 1o
determine if Ihe waste requires teatment or stabilization prior to disposal The form must be
completed priar 1o acceptance of 2 waste. If insufficient analytical information is provided, the TSD
has the right to reject the waste andfor require that the geaerator cbtain additional anslytical
information prier to acceptance.

Table 1 shows the TCLP analysis regulatory limits for varfous apalytes {in mg/L). Liquid waste that
cannot be disposed into an onsite sewer systemn must be disposed at a permitted wastewater treatment

facility ora TSD facitity. However, the TSD still has the right to review analytical data and accept or
refect the waste based on its permit conditions.

2 The analytical duta wilf act represent resalts from the testing of a composite sarple of the salids in the drum.
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wastes {generally Hquids) to 2 TSD or alternate, designated facility; or 4) placement of non-
hazardons solid waste to the original sample collection location; 3) placement of any media
generated from a test pits and/or renches back into the excavation zone; or 6) placement of any
media to the Comective Action Magagement Usnit {CAMLU} (pending USEPA approvai). The
procedures for disposal at each of these facilities are described in the following sections.

5.1 Hazardoos Wastes to 2 TSD Facility

All hazardous waste (solid end/or liquid) will be contrinerized and managed properly at an
approprinte TSD Facility in accorlance with all reguirements at 40 CFR, Part 260 through 268 for
digposal.

52  Liquids Disposal 1o the USS Process Sewer

The processes to evaluate whether a liquid wasts is accepiable for disposal in the USS process sewer
are described In Section 4.0. It should be noted that any solids that have setiled in the drums
coutaining liquids, should net be placed in site sewers. The solids should be consolidated (using a
shovel) into one or more drims, and chariclerized using procedures in Section 5.4. If the solids are
identified as hazardous, the solids must be handled as hazardous waste and disposed at a TSD
Facility. If solids ars idemtified as non-hazardons then solids can be managed as non-hazardons
special waste.

53  Liquid Waste to TSD Facility

Any liquid wastes that are restricted from being remmed to the ground or disposal inte on-site
pracess sewer system shall be containerized and send off-site to a TSD Facility. Pricr1o shipment, if
requested by TSD Facility, an additional analysis shall be conducted on 4 waste as outlined is
Section 5.5.

54  Waste Placement on U33 Froperty

5.4.1 Disposal of Mon-Hazardous waste

Sclid wasles that have been classified as non-hazardous may be placed on USS property in the
peneral vicinity of the borings.

54.2 Disposal of Waste penerated From Test pits and/or Trenches

Any waste, hazardons or non-hazardous, generared from an investization test pits and/or trenches
will be placed back into the excavation zone,
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Where insufficient data are available to adequately chamcterize the waste (per 20 CFR, 262.11}, or
do not meet the minimum analytical requirements for the intended disposal facility, additional
samples will be collected. The analytical tests to be performed will be those tesis dictated by 40 CFR
262.11, or are those needed to satisfy the disposal company's permit requirements. Some methods
that may be required to further characterize the wastes are as follows:

= TCLP (For metals, VGCs, SYQCs)
= PCBs

Flashpoint (liquid wasre only)

ph {Corrosivity)(iquid waste only)
Paint filter liquids test

Reactive cyanide/Reactive selfide

553 Sample Collection - Solid Wastes

‘Where required by the disposal facilities, additiopal samples will be collected fiom eack
<rm/container te perform necessary analytical tests. The solid samples wilt be collected using either
a teier or an auger (SW-846, Chapter 9, Sampling Plans, 1986). A trier consists of 2 "tube cutin balf
lengthwise with a sharpened tip that allows the sampler to cut into sticky solids and loosen soil. A
trier samples moist or sifcky solids with a particle diameter of less than one-half the dameter of the
trier.” Augers consist of "sharpened spiral blades attached o a hard metal central shaft.” An suger
samples huwl or packed solid wastes ov soils.” Both sampling devices will be fabricated from
stainless steel.

‘The following specific sampling procedures will be employed o collect samples from the drums at
Uss:

. Use protective clothing, gloves, vtc. and observe required sampling safety precautions™.

. Position the drum so that container lid is up; (4o not obtaiy solid samples with buags); if 2

solid sample is taken from a drum with a bung, the disposal company must be nolifled.

. Slowly loosen the cuntainer lid and allow any gas pressure to be released.

4. Remove the [id and insert the trier or auger; ensure that the sampler is clean and operating
cormectly before inserting in the waste; decontamination procednres for the device will be
those described in the USS Sampling Plan.

5. Ipsert the trier or auger until the hotiom of the waste container is contacted.

6. Remove the sampler device and extrude the contents into 4 stainless steel mixing pan.

7. Repeat this process twice more inserting the sampling device in two (2) new Jocatiens in the
drum; 2 minimusz of three (3} subsamples (consisting of the entire height of the drum) should
be collected from each drom. .

8. Homogenize the soil in the stainless steel mixing pan with a stainless steel rowel,

b=

Ly

3 Personre] will wear either Level D+ or Level € FPE during fntm samupling,
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9. Subsampe the homogenized soil and place an aliquot in a container appropriate for the
analysis, .

10, Cup the conraiper; decontaminate the sampling device per guidance in this plan.

11. The labaratery performing the analytical testing wil comply with the Quality Assurance
Project Plan (QAFPP).

Theanalytical data generated from this additional iesting will be assessed in comparison 1o the actal
reguimary limits {Table [). If any limit is exceeded, 1he weste is considersd hazardous and must be
disposed at a TSD. ¥ no analyte concentration is exceeded, then USS will not remove waste to an
offsite location, but place the waste back in the original site location. A copy of the ariginal
analytical report for the waste disposal characterization must be provided to the thisposal company
for evatvation.

554 Sample Coliection - Tiquid Wagtes

For collection of liquid wastes from 2 drum, & Coliwasa will be used. A Coliwasa permils the
representative sampling of multiphase wastes of 4 wide range of viscosity, comosivity and solids
content. The sampling nrbe consists of a 5-ft by 1 and 5/8 inch inner diameter iranshicent plastic
(PVC} or glass (burosilicate)} pipe. The closure-locking mechanism consists of a short-length
changeled aluminum bar attached to & stapper rod made: from ‘Teflon. The rod has an adjustable
swivel that can lock the unit opened or closed during the sampling stage. For USS, disposable glass
devices will be nsed,

The following specific sampling procedures will be employed to collect samples from the drums:

1. Use avaifable protective clothing, gloves, cte. and observe required sampling safety
precautions.

2. Pasition the drum so that {he open-top lid, or the biag side is up. (Drums with the bung on
the end should be positioned upright; drums with bungs on the side shocld be 1aid on its side,
with the buags up.}

3. Allow the contents of repositioned drams to sewle for at least one hour.Slowly loosen the
latches for an open-top container or the bung wilh a bung wrench, allowing any gas pressure
to be released; remove the container lid.

. Make sore the Coliwasa sampler is clean and operating cormectly before immersing in the
wiste Equid; decontamination procedures for the deviee will be those described in the USS
‘Work Plan; adjust the stopper mecharnism to ensure a tight closure.

5. Put the Coliwasa in the open position and slowly Jower the sampler into the liquid waste,
jower the sampler at a rate that permits the Jevels of the liquid inside and outside the sampler
be 10 be about the same, if the fevel of the liquid in the wbe is lower han outside the
sampler, then the sampling rate is 100 fast and will result in a non-representative sample.

6. When the sampler hits the bottomn of the container, push the tube down to clase the Coliwasa,
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TABLE1
‘Toxicily Characteristic Leaching Procedure (TCLF)
‘Maxiraum Concentration of Coataminants
EPA . . Regulatory "20xRule"
M | o | BT | Gt
Liquids 1DV sallds
ulied] L 1-Dichloreethylens 07 140
D03t 24-Dinlimtoluene Q.13 26
Doz Endrin 0.02 04
Do3L I 0.008 0.1
D03z Hezxachlorabenzene 0,13+ 26
D33 Hexachlorobuiadiens 0.5 100
5034 Hexachlorocthane D -]
Doos Lead 50 100
D013 Lindane 0.4 4.0
DHY Mercury 02 40
Dol Methoxycidor 10.0 200
D035 Methyl ethy! ketone 2000 4000
D036 Ni 20 40.0
De37 FPemachlorophenol $00.0 2000
DO3g Pyridine 5.0%= na
Dolg Seleninm 10 200
D01k Silver 3.0 100
DO3% T 0.7 1.0
Do1S Toxuphene 0.5 10.0
Dod0 Trichlorpethylens 0.5 100
Dol 2.4, 5-Trichlorophene] 400.0 2000
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and lock.

-1

Slowly withdraw the Coliwasa from the waste container with one hand while wiping the
sampler mbe with o disposable clath or rag.

8. Discharge the sample into a sample contuiner by slowly opening the sampler.
9. Cap the container; decontaminate or dispose of the Coliwas and the rags, per guidance in this
plan; then ship the samples o the selected analytica] laboratory.
10. The laboratery performing the anatytical testing will comply with the USS QAPP.
TABLE1
Toxteity Characteristic Leaching Procedure (TCL¥)
Maxi G ‘atien of C: i
EPA Regulotory "2xRule’
Hazardens R Limit {rsg/T.) Concendeation
Waste Na. Conlominant use for IDW {ry/ICg) ns for
liguids YW solids
D4 Arsenic 50 1000
Dogs Barium 100 2000.0
Do1g Benzeue 03 16.0
Dogs Coadrmium 1.0 200
pDo1g Carbon Tetrachloride %] 10.0
DO20 Chicrdane 0.003 0.06
DO21L Chhk 1000 20000
Do22 Chloroform 6.0 120.0
DIn? Chromium 3.0 100.0
Dg23 o-Cresol 200.0% 4800.0
Do24 n-Cresol 200.0% 4000.0
D025 p-Cresol 200.0% 4000.0
D026 Cresol 200.0~ A000.0
DoLs 24D 10.0 200.0
Bo2y 14-Dict L 15 150
bo2a 1,2-Dichlorgethiane 0.3 0.0
X ok AFVAFWEFRREAFW-RFL Windkplan, 2009 SepdSOPFS0_ITW,Dispecalioc
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TABLE1
Toxicity Chararteristic Leaching Proceduye {TCLP)
Maxinmm Coneeatration of Contaminants
EPa . Regulaiory "20xRule™ .
Hazardevs " Limit (mg/L) Concentralion
Waste No. Contaminan nselor IOW | (mp/Kg) use for
Tiquids IDW solids
D042 2,4,6-Trichlorophencl 20 40.0
DOLT 2,4,5-TP (Silvex) 10 20.0
D3 Vinyl Chloride 02 40
Tate Mote:
N

When -0, -m-, p-Cresol eoncentrations caanat be differcntiated, the wotal
Concenteation shall be reported.

The quantitation limit Is greater thap the regulatory Timit The quantisdion
ligay, therefore, becomes the regutotory limit.

=
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Figure 1
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Figure 3

Figure 4

Figure 3 .
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Prolect Health and Safety Coordinator — The Project H&S Coordinaler works at the site and is
responsihle for enswing that project personncl use safs field procedurss and are equipped with
proper safety eqmpmml ‘He interzcts with the ijccl Man:lgcr, Field Coordimator, and Cosparate
H&S enenvi | monitoring and

Ouality Assurance Manager — The QA Manager verifies the implemenialion of all quality
assumInGs program requiremens for the project. He/She provides quality sssumnce triiming 1o
project staff and intermets with the Project Manager on techuical problems related to sampling
methods and instrumentation.  He/She verifies that proper sample containcrs, preservalion, and
vontainer gleaning techniques are specified nnd Followed during all phases of the project,

Data Mamaeement Coordinalor — The Data b Coomdi is ible for pversecing
and implementing the daily data mamagemtent requirements of a preject. He/She coordinates al
data management aspects of 2 project within The data manngement group from project inception (3
close-out,

50 INFERFERENCES AND FOTENTIAL PROELEMS

Communication is 1he mosl effective means of eliminaling polential problems during field work.
Sirong communication between field team membess and office staff prevent £IToTS in field
assignments apd promote safety. Adequate site ion and wtility must
also be performed.  Unility clearance procedures are inclided in SOP F709 (site unlzry cleamncs
procsdures).

0 EQUIPMENT ANI SUFFLIES
Potential equipment needed for field assignments may includz:

$Soil probing machine (e.g., Geaprobe)

Conventional doll 5igs (e. g., Rotosonic, splil-spoon)

Hand auger, rowej, shovel

Siaintess steel spoonsbowls

Safety cquipmenl (hardhat, sizel-toed shoes, Tyvex coveralls, safety glasses)
Explosive gas and/er xxvgen meter

PID or PID/FID Meter

Quler gloves, inner gloves

Field dala sheets

Deconlamznation equipment (inethancl, water, soap, distilled waler, brushes)
Paper towels

Maps/plat plan.

Safety equipment

€ompass/Glabal Pasition System {GPS)

Tape tneasure

Survey stakes, flags

Camera ond lm

= Loghookfvalsproof pen
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NOTE: THIS S0P IS A GENERAL DBOCUMENT. SITE-SPECIFIC CONDITIONS MAY
WARRANT CHANGES IN FROCEDURES AND APPLICATTONS. FIELD STAFF SHALL
DOCUMENT ACTUAL PROCEDURES IN THE APPROFRIATE FIELD LOGBOOK.

1.0 PURPOSE
This procedurs outlines the gedesal organization for sample collection, sample identificalion,
record keeping. feld and dala ion. These guidelines are followed ta gnsure

that ths activities nsed w0 documient sampling and field operations gememate standardized
informalion and ideatifications.

20 SCOPE
3.0 DEFINITIONS

4.0 RESPONSIBILITIES

Project Manaser - The Profect Manager is responsible for easuring thal, where applicable, projeci-
specific plans are in accordance with these procedutes, or that cther approved procedures ar
developed. Funhermore, the Project Manager s resp for p of d i of

prcedures, which deviate from those presented hergin,

Field Team Leader - The Ficld Team Leader is sesponsible for selecting and detailing the specific
sumpling techniques and equipinent (o be used, and documenting these in accordance with the
Sampling avd Analysts Plan. It Is the responsibilily of the Field Team Leader to ensure that these
procedures are implemented in the field and to ensure that personne! performing sampling activitics
bave heen briefed and trained to execute these procedies,

Drilting fnspector - 1t is the responsibiliy of the drifling inspecior ta follow these pracedures, or to
follaw dacumented, project specific procedures as directed by the Field Team Leader and/or the
Project Manager, The Dolling Inspector is ible for the proper acquisition ef zock cores and
sobsurface soil samples.

Sanpling Pemsonmel - It is the responsibility of the field sampling personnel 1o follow these
procedmzes, or to follow decumenied, project- specific procedures as directed by the Field Team
Leader and/or the Project Manager, The P are ible for (he proper
acquisition of samples.

Eroject Manager — The Project Manager checks all work performance and acknowledges hat the
applicable tasks required by this procedure have been performed, This will be accomplished by
seviewing and signing the field log beoks.

Eguipment Mimager ~ The Equipment Manager (opliona) is msponsibile for ensuring (hat all field
equipment used for the project is in working condition. He ocur!!m::lns all n:pzurs on broken or
inoperalive equipment. Also hefsheis ible for labeling clien-owned
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7.0 PROCERURES

7.1  Pre-mobilization

The Profect Manager shall provide copies of the Project QAPP ard Project SAP fo sampling
personnel for use in the field. The QAPP should contiin all applicatle SOPs and clean capics of the
data tecording forms.  Sampling Personne) ranst complete the QAPP acknowledgement form
(Aliach 1) priero of wark amd provids the document o the QA Manager,

7.2 Mebilization

All equipment is to be checked on a daily basis, a1 2 minimum, prior to beginning field work, to
verify that it is operational and calibrated before initiation of field activities,

7.3 Daily Site Opcra!mns

All Qecisions 1 , changes in strategy, public relations,
H&S, site visitors, and disciplinacy pmblcms mil eriginate from the Project Manager or histher
appointee (e.2., Field Coardinator, Project QA Manager).

7.4 Field Documentation

All project activities will be recorded each day in the Jog book accerding to SOP F303, Use and
Maintenance of Field Log Books. This will inclode 2 minimum of the following.

Project Numhber

Prject Name

Page number

Date (mm/ddfyyyy}

Tims (2400 hr.)

A brief descripiion of each site activity
Sitevishors

R

At the close of cacki day's field activities, the Field Coordinator shall prepere the daily Activity
Log, summarizing the activities thal accurred during the day (Attachment 2},

The Field Coordinator shall ensure that the sampling procedures specified in the QAPF, SAP, and
50Ps are followed during all phases of sampling zcuvities ot the site. For each sampling activity,
Field personnel shall record the information required by the SOP on the data sheets pravided and/or
in the field Jog book. If deviations fom (he sampling procedures are required, an accumle
description of the changes (and reasons for them) shall be Tecorded in 1he field Jog ook,

80 QUALITY ASSIRANCE RECORDS

Where applieable, Field Test Borng Records and Test Boring Records will serve as the quality
assurance iccords for subsurface seil samples, rack corss and new soiface soil sanples collected
with 2 hand er power auger, Cbservations shall be seeorded jn the Field Logbook or PDA as
described in SOP F303. Chain-of Costody records shall be compleled for samples collected for
laboratory analysis as described im SOP F302. Once the invEstigation is completed, the field
logbook-(and/or copics) hecornes pant of the Qualisy Assumnce Record and mmust be placed in the
Evidence File for the preject,



Field Activity:

Proj
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24  HEALTH ANDP SAFETY

A H&S program for delling will preveat injoy 1o workers and observers; reduce any negative
fmpact on the comatunity and The environmeit; elimimates damage 10 sarface and subsurface and
siuctuses, and alleviates and client concems over spfety/expenise. The H&S program must pre-
qualify the diillers considering previons safety perfoomance (TRIR, EMR, ete); training and
experience of persennel; age and condition of yequised equipment; inedical aod substance abuse
surveitlance; proof of insurance; licenses and registrations; and its references.

100 REFERENCES

TS EPA, 1991 Standard Operating Procedures and Quality_Assnrance Maaual Environmerial
Compliance Branch, 1J.8_ EPA, Environmental Services Divisian, Athens, Georgia,

QUALITY ASSURANCE PROJECT PLAN ACKNOWLEDGEMENT FORM

cct Nomber:

Description of Activitics to be Performed:

Agplicable Work Plan or Scope of Worle

Applicable Standard Operming Procedures (SOPs):

1 acknowledge that 1 have reviewed the appropriale SOPs {above) frum the U. 8. Sieel - Gary
‘Works Facility Wide GAPP (most current edition) as they pentain to the field activities [ am to
conduct. |

Name: i

Attachment 13 T 5, Steel (Gary Works) Facility-wide Quality Assurance Project Plan
(QAPP) Acknewieigment Form

Afttachment 2: U, 3. Steel (Gary Wurks) Daily Activity Log Sheet



DAILY FIELD LOG

DATE;

DAY M T W ib F
PROJECT: MR TR [ SUReT | DVeReasT | R [ 5R0v |
PROFECT NUMBER: TERP ™
PROZECT MANAGER: WG
RS STAFF: HUMIDITY | DRY | MODEBATE | FAGH
SUBCONTRACTORS ON SITE:
EQUIPMENT O SITE:
WORK PERFORMED

HEALTH & SAFETY LEVELS ANT» ACTIVITIES:

QUALITY CONTROL ACTIVITIES (INCLUDING FIiELD CALIBRATIONS):

PROBLEMS ENCOUNTERED:

SPECIAL NOTES:

COMPLETED BY. REVIEWED BY BATE






